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ABSTRACT
ELUCIDATING MECHANISMS INFLUENCING MATERNAL POSTPARTUM
HEALTH: THE PROTECTIVE BENEFITS OF BREASTFEEDING AND
ASSOCIATIONS WITH ALLOSTATIC LOAD, EXPERIENCES OF STRESS,
AND RESILIENCY
MAY 2022
BI-SEK J. HSIAO, B.A., HAVERFORD COLLEGE
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Lindiwe Sibeko

Research has established breastfeeding as protective of maternal health, but little
is known about the ways breastfeeding interacts with chronic stress pathways and
interfaces with stressors such as discrimination and neighborhood deprivation, which are
salient in the experiences of many marginalized communities. This research addresses
these knowledge gaps through secondary analyses of prospective cohort data generated
by the Community Child Health Research Network through Community Based
Participatory Research processes. Analytical samples were derived from 2510 postpartum
women from five regions in the U.S. who self-identified as Black, Hispanic, or White.
Study 1 investigated and found an inverse association between breastfeeding
duration and postpartum allostatic load, a multisystem biomarker of chronic stress.
Mothers who breastfed ≥ 6 months had significantly lower allostatic load at six (β: -0.41;
95% CI: -0.71, -0.11) and twelve months postpartum (β: -0.36; 95% CI: -0.69, -0.036),
compared to mothers who never breastfed, while controlling for confounders.
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Study 2 applied the positive deviance approach to explore characteristics of
resiliency that enabled mothers to breastfeed for ≥ 3 months despite risk exposure.
Positive deviant mothers were more likely to believe that breastfeeding is the best method
of feeding and were more likely to receive positive breastfeeding influence from family,
friends, and healthcare providers. Optimism, community cohesion, spirituality, history of
breastfeeding another child, and family history of breastfeeding were also important
contributors to resiliency.
Study 3 tested and affirmed hospital use of formula as a mediator on the causal
pathway of the inverse association between neighborhood deprivation and breastfeeding
duration. When modeling with a deprivation index characterizing neighborhoods with a
high proportion of Black residents, neighborhood deprivation was positively associated
with hospital formula use, which in turn reduced breastfeeding duration. Mothers were
predicted to breastfeed for 5.02 weeks when categorized as living in the most deprived
neighborhoods compared to 13.74 weeks in the least deprived neighborhoods.
This research offers novel understandings of breastfeeding’s potential to attenuate
chronic stress, highlights the resiliency of mothers, and underscores the pervasiveness of
racism and its negative impact on breastfeeding.
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CHAPTER 1
INTRODUCTION

Stress among Black women and other marginalized communities, attributable to
the long-standing history of racism, has been identified as a significant contributor to
adverse birth outcomes in the U.S. including preterm birth and low birthweight.1,2 A
strong and growing body of evidence points to breastfeeding’s role in improving maternal
and child health and reducing racial/ethnic health disparities, such as through decreasing
risk of infections and mortality in infants, and breast and ovarian cancer in mothers. 3
While evidence about the physical health benefits of breastfeeding is robust, less is
known about the mechanism of how breastfeeding interacts with chronic stress to protect
mothers and children from adverse health. In addition, research has not fully explored the
way breastfeeding interacts with stressors that are especially heightened among
racial/ethnic marginalized groups, such as experiences of discrimination and impact of
living in disadvantaged neighborhoods.4–6 Furthermore, while studies have found downregulating effects of breastfeeding on stress biomarkers such as cortisol,7 little is known
about the way breastfeeding interacts with allostatic load, a multisystem biomarker index
of chronic stress.8
The postpartum period, broadly defined as the time after childbirth ranging from a
few weeks to one or two years after,9–11 is a critical transition period, during which the
health of mothers and infants sets the stage for their future health and wellbeing. As
infants are adapting to a non-sterile environment external to the womb, mothers are
recovering from childbirth, adapting to dramatic hormonal shifts, and adjusting to
changing social roles and other realities of mothering.9,12 The added stressors in women’s
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lives during the postpartum period can compromise their health as well as their children’s
health with long term repercussions if not offset by adequate support in recovery, healing,
and personal growth.9,12–15 While it is essential that mothers receive optimal health care
and social support, postpartum care and support tends to be fragmented and
inconsistent.9,16 Inadequate support during this time of vulnerability, change, and
adjustment increases mothers’ susceptibility to adverse health outcomes.
The peripartum period is also a critical time of intergenerational transmission of
health, when maternal health status and accumulated exposures to risk and protective
factors are transmitted to their infants, determining the health trajectory of their
children.17 Therefore, it is essential for research to continue exploring factors such as
breastfeeding that protect maternal and child health and that have the potential to improve
the trajectories of health for future generations.
Globally, postpartum health tends to be gauged by rates of maternal mortality and
morbidity (e.g., infections, hemorrhage).18 The Centers for Disease Control and
Prevention (CDC) reports that the maternal mortality rate in the U.S. has more than
doubled from 1987-2016 (7.2 to 16.9 deaths per 100,000 live births) and that Black
mothers die at more than triple the rate of White mothers.19 Also, unexpected lifethreatening conditions related to labor and childbirth have almost tripled over the past 20
years,19 and Black mothers have more than double the risk of White mothers.20 These
statistics indeed point to declining population health in the U.S., the presence of racial
health disparities, and the urgency of remediating efforts.
However, there is a need to approach maternal postpartum health more
holistically and to dig deeper: to follow maternal health over a longer period of time
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postpartum (beyond pregnancy and childbirth), understand how experiences of chronic
stress are mitigated or exacerbated during the postpartum period, and consider the
influence of a variety of stressors (e.g., neighborhood deprivation, discrimination, food
insecurity) and their interactions with factors that bring maternal resiliency (e.g.,
optimism, spirituality, social support). Furthermore, given the known benefits of
breastfeeding, it is important to explore the role of breastfeeding in the context of these
dynamic processes, involving experiences of stress and resiliency, to deepen our
understanding of factors that impact maternal health. The goal of this dissertation is to
broaden our understanding of maternal postpartum health through the first year
postpartum by adding new knowledge on indicators of chronic stress, the influence of
stressors and their interactions with maternal resiliency, and the way these factors
interface with breastfeeding.
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CHAPTER 2
LITERATURE REVIEW

2.1 Breastfeeding and Health Outcomes
Breastmilk is a dynamic food and medicine, made naturally by women’s bodies to
provide ideal nutrition and essential immune support to nurture growing infants and to
protect their health.21 With over 200 fatty acids, 200 types of oligosaccharides, 400
proteins, highly bioavailable forms of vitamins and minerals, along with antibodies,
hormones, and other bioactive components, breastmilk contains a complex mix of
ingredients that synergistically work together.21,22 The composition of breastmilk also
changes over the course of a feeding and the day to cater to infants’ needs. For example,
as a feeding progresses, breastmilk gradually increases in fat content with concentrations
peaking midmorning and lower during the night.22 Melatonin, a bioactive hormone in
breastmilk that supports sleep, is much higher in concentration during the night compared
to the day.23 This dynamic quality of breastmilk accommodates the rhythms of the day,
growth stages of infants, and environmental exposures, making breastmilk a specialized
food for infants, optimizing their growth development and health. These characteristics
cannot be replicated with commercial formulas.
Breastfeeding’s ability to support infants’ establishment of healthy guts,
metabolic functions, and immune systems early on in life, sets a firm foundation in
health. A large body of evidence establishes the power of breastfeeding in protecting
infants from infections and mortality, and in providing long-term benefits such as
reduced risk of developing childhood leukemia, obesity, type 1 and type 2 diabetes, and
in supporting cognitive development.3
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Breastfeeding is equally protective of maternal health. Infant suckling
accompanied by skin-to-skin contact soon after childbirth stimulates the release of
oxytocin which causes the uterus to contract and retract back to normal size, helping to
minimize blood loss and risk of postpartum hemorrhage.24 Lactation hormones oxytocin
and prolactin have also been found to down-regulate the HPA-axis stress response7,25,26
and reduce inflammation,26,27 supporting maternal mental health and resiliency in face of
postpartum stress.27 Nevertheless, mainstream health literature has not adequately
examined breastfeeding’s role in ameliorating stress and related challenges to maternal
mental health during the postpartum period.
The strongest evidence of long-term maternal benefits of breastfeeding points to
protection from breast cancer, with meta-analyses showing a 4.3% reduction in invasive
breast cancer for every 12 months of breastfeeding over a lifetime, when adjusting for
parity and other important confounders, and excluding nulliparous women. Other longterm benefits include protection from ovarian cancer, type 2 diabetes, depression, and
long-term weight gain.3

2.2 Breastfeeding Recommendations
In the U.S., the American Academy of Pediatrics (AAP) recommends that
mothers should exclusively breastfeed their infants for about six months, and then
continue to breastfeed their infants until the infant is at least one year old while
complimentary foods are introduced.28 Along with a diet of exclusive breastmilk, infants
in the U.S. are recommended to receive a one-time dose of 0.5-1.0 mg of intramuscular
vitamin K on the day of birth, and 400 IU daily dose of oral vitamin D during the first six
months. The AAP also recommends infants who are exclusively breastfed to start
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receiving iron supplementation at four months at a dose of 1 mg per kg of body weight.
When complementary foods are introduced at 6 months, supplementation needs may
change based on nutrients in the diet.28
The World Health Organization (WHO) also recommends that infants be
exclusively breastfed for six months, but extends the continuation of breastfeeding to
when the infant is at least two years old.29 WHO does not have global recommendations
for vitamin and mineral supplementation during the first six months of life that should
accompany exclusive breastfeeding. Recommendations for supplementations vary by
context, and different countries have different standards.29

2.3 Breastfeeding Disparities in the United States
Despite improvements in breastfeeding rates in the U.S. over the last decade, rates
are still inadequate, with just a quarter of infants born in the U.S. receiving the
recommended six months of exclusive breastfeeding. 30 Furthermore, large disparities
exist across racial/ethnic groups, socioeconomic strata, and geographic regions.
According to the latest data among infants born in 2017, non-Hispanic Blacks have the
lowest rates of breastfeeding, with initiation rates of 73.7% compared to 86.6 % among
non-Hispanic Whites.30 The racial disparity is also present in breastfeeding duration data.
Among non-Hispanic Blacks, the rate of any breastfeeding at 6 month and 12 months is
47.8% and 26.1%, respectively, compared to 61.9% and 38.2%, respectively, among nonHispanic Whites.30 Rates of exclusive breastfeeding through 6 months are 21.2% among
non-Hispanic Black mothers compared to 28.7% among non-Hispanic White mothers.30
Non-Hispanic Asian mothers generally have the highest rates compared to other
race/ethnicity groups, except that rates of exclusive breastfeeding are lower than non-
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Hispanic White mothers.30 Breastfeeding rates for Hispanic mothers are higher than nonHispanic Black mothers but lower than non-Hispanic White mothers.30 (Table 2.1)
Looking at breastfeeding rates over time by race/ethnicity from 2010-2017, the
rates of improvement are slowest among Hispanic mothers, and highest among nonHispanic White mothers for 6-months exclusive breastfeeding, and highest among nonHispanic Asian mothers for breastfeeding at 1 year.30 (Figure 2.1)
Breastfeeding rates in the U.S. also vary by socioeconomic status, with higher
rates among mothers with higher education and household income.30 For example, among
infants born in 2017, the proportion of mothers who graduated college and breastfed at 12
months is almost double (1.8 times) the rate of mothers who only graduated high school
(46.6% vs. 25.7%). The proportion of mothers who exclusively breastfed through 6
months is extremely low among those in the lowest income category, only 17.1% among
those with a household income below the federal poverty level, compared to 32.8%
among those in the highest income category (i.e., >600 Poverty Income Ratio).30 (Table
2.1)
Breastfeeding rates by U.S. states and regions generally show lower rates in the
southeastern states and higher rates in the west coast, northeast, and north central regions
(Figure 2.2). According to the latest 2020 Breastfeeding Report Card, eleven states
had initiation rates greater than 90%, much higher than the national average of 84.1%.31
These states included Alaska (91.9%), California (90.3%), Washington (92.5%),
Colorado (92.2%), Minnesota (95.3%), Idaho (94.6%), Oregon (93.2%), Utah (91.8%),
Vermont (90.2%), Virginia (91.7%), and Wyoming (90.0%). Most of these states are in
western or mountain regions. This is in contrast with six states where less than three
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quarters of the population initiate breastfeeding: Mississippi (70.0%), Louisiana (66.2%),
Alabama (69.0%), West Virginia (69.9%), Arkansas (70.1%), and Kentucky (72.6%),
which are all in the southeastern or south central regions.31
Breastfeeding duration follows similar state and regional-level variations in the
2020 Breastfeeding Report Card. For breastfeeding at 6 months, highest rates are in
Minnesota (79.1%), Washington (74.6%), Hawaii (74.5%), Virginia (74.0%), Oregon
(73.4%), and Vermont (70.4%), which are in western and midwestern regions (with the
exception of Vermont and Virginia), and lowest rates are in Alabama (38.5%),
Mississippi (38.6%), Louisiana (41.1%), West Virginia (42.6%), and Arkansas (43.1%),
which are in the southern region. These 6-month breastfeeding rates show wide variation
and divergence from the national average of 58.3%.31
State and regional variations may reflect the demographics of these areas, such as
racial/ethnic makeup and socioeconomics, which research has established to be important
predictors of breastfeeding initiation and duration. For example, comparing Mississippi,
one of the states with the lowest rates, with Washington state, where breastfeeding rates
are high, the populations’ positions of socioeconomic advantage/disadvantage are quite
different. In Mississippi, the population in 2019 was 59.1% White and 37.8% Black,
21.3% had a bachelor’s degree or higher, 19.8% of the people lived in poverty, and the
median household income was $42,009.32 In contrast, in Washington, the population
had a much higher proportion of White residents (78.9%), and only 4.3% of the residents
were Black.32 The level of education was also higher in Washington, with 34.5% having
a bachelor’s degree or higher.32 In addition, Washington had fewer people living in
poverty (11%), and the median household income was 45% higher, at $66,174.32
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Table 2.1 Breastfeeding Disparities in the U.S. Breastfeeding rates by race/ethnicity,
maternal education, and poverty-income-ratio among infants born in 2017, National
Immunization Survey
Breastfeeding
initiation (%)

Any breastfeeding (%)

US National
Race/ethnicity

84.1

At 6
months
58.3

Hispanic

84.1

55.4

33.9

41.5

21.5

86.7

61.9

38.2

52.4

28.7

73.7

47.8

26.1

38.7

21.2

90.0

73.5

50.0

47.7

26.8

73.6
75.6

49.0
44.1

28.9
25.7

30.8
41.7

17.1
21.5

84.7
93.3

53.6
74.0

31.1
46.6

45.4
57.2

23.3
32.8

76.6
80.3
86.4
91.8
93.1

46.9
52.1
61.8
67.8
75.7

27.0
31.9
39.0
41.0
45.1

39.1
42.7
49.9
54.7
56.3

20.0
23.8
28.6
29.3
30.6

Non-Hispanic
White
Non-Hispanic
Black
Non-Hispanic
Asian
Maternal education
< high school
High school
graduate
Some college
College graduate
Poverty Income Ratio
<100
100-199
200-399
400-599
>600
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At 12
months
35.3

Exclusive
breastfeeding (%)
Through 3 Through 6
months
months
46.9
25.6

60
50
40
30
20
10
0
Hispanic

Non-Hispanic White

Non-Hispanic Black

Non-Hispanic Asian

Exclusive breastfeeding 6 months 2010

Exclusive breastfeeding 6 months 2017

Any breastfeeding 1 year 2010

Any breastfeeding 1 year 2017

Figure 2.1 Breastfeeding Rates by Race/Ethnicity 2010 vs. 2017, National
Immunization Survey

Figure 2.2 State Map of Exclusive Breastfeeding Rates through 6 months in 2016,
National Immunization Survey data
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2.4 Established Risk Factors and Determinants of Breastfeeding
A plethora of factors influence whether mothers breastfeed, how long mothers
breastfeed, and whether they breastfeed exclusively, spanning factors that fall within
different socioecological domains, including individual (e.g., demographics, maternal
health), social (e.g., support), institutional (e.g., healthcare access and quality), and policy
levels (e.g., workplace policies). In the 2011 Call to Action to Support Breastfeeding, the
U.S. Surgeon General summarized several established barriers to breastfeeding in the
U.S., including lack of knowledge about breastfeeding, the social norm of formula
feeding, poor family and social support, embarrassment about breastfeeding, lactation
problems (e.g., insufficient milk supply), return to work, and inadequate healthcare
support.33

2.4.1 Individual Factors
Analyses of nationally representative samples of U.S. children from the 2007 and
2011-2012 National Survey of Children’s Health have reiterated key demographic factors
influencing breastfeeding rates, including socioeconomic status, race/ethnicity, maternal
age, and family structure.34,35 Socioeconomic status has been a consistent predictor of
breastfeeding initiation, duration, and exclusivity. Analyses of 2007 data found that
compared to mothers with more than a high school education, mothers with only a high
school education had 45% reduced odds of ever breastfeeding, and mothers who did not
graduate high school had 63% reduced odds of ever breastfeeding.34 In addition, there
was 39% reduced odds of ever breastfeeding in households below the federal poverty
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level compared to households ≥400% the federal poverty level.34 In a later study using
2011-2012 data, researchers similarly found that higher maternal education and higher
household income predicted breastfeeding at 6 months and exclusive breastfeeding
through 6 months.35
Race/ethnicity has also been a consistent predictor of breastfeeding, with analyses
of 2007 data showing non-Hispanic Black children to have 46% reduced odds of ever
breastfeeding compared to non-Hispanic White children,34 and 2011-2012 data showing
non-Hispanic Black children to have 35% reduced odds of breastfeeding up to 6 months
and 43% reduced odds of exclusively breastfeeding for 6 months, compared to nonHispanic White children.35 The predictability of breastfeeding among Hispanic children
has been less straight forward. While breastfeeding initiation and exclusivity rates were
higher among Hispanic children in 2007, adjusted models did not show Hispanic children
to have significantly higher odds of breastfeeding compared to non-Hispanic White
children.34 However, multivariate analyses of data from 2011-2012 showed 92% higher
odds of breastfeeding up to 6 months and 65% higher odds of breastfeeding exclusively
for 6 months among Hispanic children compared to non-Hispanic White children.35
Breastfeeding rates among Hispanic mothers/children have also been found to differ
across subgroups and by nativity and degrees of acculturation. One dissertation analysis
using 2011-2013 National Immunization Survey data found that breastfeeding initiation
rates ranged from 72.4% among Puerto Rican mothers to 90.8% among South American
Hispanic mothers, and 6-month exclusive breastfeeding rates ranged from 22.2% among
Puerto Rican mothers to 33.6% among South American Hispanic mothers.36 In addition,
“Mexicanos,” who immigrated from Mexico, and comprised the largest proportion of
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Hispanics in the U.S., had higher breastfeeding rates (86% initiation, 31.2% 6-month
exclusivity), compared to U.S.-born Mexican Americans (77.7% initiation, 25.7% 6month exclusivity).36 Similarly, one review of 18 studies examining the relationship
between acculturation and breastfeeding among Hispanics found an overall trend of
higher rates of breastfeeding intention, initiation, and duration among Hispanics who
were not born in the U.S. and who showed lower acculturation (e.g., retained Spanish
language use and preference) compared to Hispanics born in the U.S. and who showed
higher acculturation.37
Maternal age and family structure have also been found to predict breastfeeding.
Most unadjusted statistics show higher breastfeeding rates among older compared to
younger mothers.34,35,38,39 However, results from adjusted models have not been
consistent; analyses of national data from 2011-2012 showed no significant associations
with maternal age,35 and analyses of earlier 2007 data showed older age being significant
associated with exclusive breastfeeding but not breastfeeding initiation.34 Regarding
family structure, analyses of nationally representative data have shown that compared to
children living in families with two married parents, children of single mothers or with
stepparents have lower odds of ever breastfeeding34 and exclusively breastfeeding for 6
months.35 One study of Louisiana mothers suggested that marital status may be a more
important predictor among Black families, finding Black married mothers to be 2.36
times more likely to initiate breastfeeding but marital status not being a significant
predictor among White mothers.40
Several health-related factors have also found to be determinants of breastfeeding.
The relationship between maternal weight or BMI and breastfeeding has been extensively
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studied, with at least 8 systematic reviews or meta-analyses on the topic, overall showing
obesity to be a risk factor related to lower rates of breastfeeding initiation, duration, and
exclusivity, but overweight and underweight status being less consistently related. 41–43
Potential mechanisms related to obesity include delayed onset of lactogenesis, milk
transfer issues, negative body image, and complications with comorbidities (e.g.,
gestational diabetes).41–43 Smoking is another established health-related risk factor for not
breastfeeding.44 A meta-analysis that included 39 studies on smoking found that nonsmokers had 76% increased likelihood of initiating breastfeeding and 91% increased
likelihood of breastfeeding for longer duration compared to smokers.44
Factors related to childbirth, including low birthweight,34,35 preterm birth45 (Fan et
al., 2019), and cesarean delivery46 have also been found to be risk factors of
breastfeeding. Analyses of national data from 2007 showed that infants with very low
birthweight (i.e., <1500 g) had 88% higher odds of ever breastfeeding but 62% lower
odds of exclusively breastfeeding for 6 months compared to normal weight infants.34
Lower likelihood of exclusive breastfeeding among very low birthweight infants was also
found in analyses of 2011-2012 national data.35 A systematic review of breastfeeding
after cesarean delivery found that although breastfeeding initiation was reduced by 43%
compared to vaginal delivery, delivery mode did not affect breastfeeding at 6 months
among mothers who initiated breastfeeding.46 In an analysis of 2366 U.S. women,
researchers found highest likelihood of delayed milk onset among women who received
emergency cesareans with spinal/epidural plus other medication.47
Lactation problems has been commonly recognized as contributing to early
weaning.33 Several studies using the Infant Feeding Practices II cohort in the U.S. have
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found significant associations between lactation problems and early cessation of
breastfeeding.48–50 One study found that among 1323 women who initiated breastfeeding,
those who stopped breastfeeding within the first month after childbirth commonly cited
reasons such as trouble with infant latching (53.7%), insufficient milk quantity (51.7%),
issues with initiating milk flow (41.4%), pain with breastfeeding (29.3%), engorged
breasts (23.9%), and nipples were sore, cracked, or bleeding (36.8%).49

2.4.2 Social Factors
Family and friend support for breastfeeding is the most notable determinant of
breastfeeding that falls in the social dimension.51 Mothers who had role models of family
members who breastfed (e.g., mother, grandmother, sister, other relative) were more
likely to initiate breastfeeding in one study of a sample of African Americans with low
income in Alabama (n=150).52 One review found that grandmothers who had positive
opinions about breastfeeding increased mothers’ likelihood of initiating breastfeeding by
up to 12%, but there was a stronger influence when grandmothers had negative opinions,
reducing the likelihood of breastfeeding by 70%.53 Studies have also found that when
fathers had positive attitudes about breastfeeding, and were responsive and sensitive to
mothers’ needs, mothers were more likely to have intentions to breastfeed, initiate and
continue to breastfeed.54–56 Interventions focusing on increasing breastfeeding through
organized social support (e.g., through peers, family members, or professionals) have
been found to be effective in increasing the duration of any and exclusive breastfeeding. 57
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2.4.3 Institutional Factors
Institutional determinants of breastfeeding include the quality of lactation support
accessible to mothers through hospitals, workplaces, and programs like WIC. Research
on hospitals that have become “baby friendly” through the Baby Friendly Hospital
Initiative (BFHI), by disallowing free formula distribution and implementing Ten Steps to
Successful Breastfeeding, have suggested the effectiveness of this institutional
commitment for improving breastfeeding rates.58–60 However, BFHI-accreditation itself
may not be as important as institutional compliance to breastfeeding supportive
practices.61 Furthermore, quality of maternity care in birth facilities has been found to be
influenced by area demographics surrounding birth facilities.62 One analysis of 2,643
hospitals and birth centers in the U.S. found that facilities located in zip codes with
higher proportion of Black residents (>12.2%, national average) were less likely to have
mothers initiating breastfeeding within one hour of birth, to limit use of supplements, to
have infants rooming in with mothers, to limit pacifier use, and to provide post-discharge
support to breastfeeding mothers.62 Therefore, broader environmental and societal
determinants of healthcare and resource access are just as important to address in relation
to institutional-level lactation care.
While the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) has improved its programming over the years to provide lactation
support and incentives for breastfeeding mothers,63 and has seen improvements in WIC
participant breastfeeding rates,64 research continues to show lower breastfeeding rates
among women participating in WIC compared to WIC eligible women who don’t
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participate in WIC.64,65 Lower rates of breastfeeding among WIC participating women
have been attributed to WIC’s history of formula provisioning.64
Since many women return to work soon after childbirth, workplace lactation
support is another important institutional determinant of breastfeeding, particularly
affecting the duration of breastfeeding.66 Over the past decade, various policies have been
enacted in the U.S. to mandate workplace lactation accommodations, such as allowing
break time and providing private spaces to breastfeed.67 However, one review found that
providing lactation spaces and break time were not consistently associated with
breastfeeding at 6 months, while more resource-intensive accommodations such as onsite childcare and having corporate lactation sponsorship programs were more
consistently associated with long-term breastfeeding.66

2.4.4 Policy Factors
Paid maternity or family leave programs have been considered essential for
protecting the health of infants and families globally. 68 While many other countries have
instituted country-wide paid family leave programs, the U.S. has lagged behind.68 In
2004, California was the first state to roll out a paid family leave program in the U.S.,
which entitled workers 6 weeks of partially paid family leave.69 An analysis comparing
change in breastfeeding rates in California to other states before and after the paid family
leave law (1993-94 vs. 2005-06) found that California experienced significantly higher
rates of improvement in exclusive breastfeeding at 6 months (3-5 percentage points
higher) and any breastfeeding at 6 and 9 months (10-20 percentage points higher) than
other states.69 Other important state-level policies in the U.S. that have had an impact on
breastfeeding rates include laws exempting breastfeeding women from public indecency,
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supporting breastfeeding promotional campaigns, and requiring workplace
accommodation. One analysis comparing states that had no breastfeeding protection laws
in 2003 (year of the survey) with states that had multiple breastfeeding protection laws
before 1999, found that when protective legislation was not present, women had 63%
higher odds of never breastfeeding and 45% higher odds of not breastfeeding at 6
months.70

In summary, there are several established risk factors related to breastfeeding,
including factors spanning different levels of the socioecological framework.
Breastfeeding is far more than a mother’s decision and is influenced by factors operating
simultaneously at the individual (e.g., race/ethnicity, SES, smoking), social (e.g., family
and friend support), institutional (e.g., quality of lactation support at childbirth facility),
and policy (e.g., family leave policies) levels. Interventions that incorporate
understandings of multiple levels of influence are more likely to be successful at
improving breastfeeding rates.71

2.5 Postpartum Allostatic Load and Public Health Impact

Exploring maternal postpartum health comprehensively requires that we attend to
the impact of stressors beyond labor and delivery. Postpartum allostatic load is a
multisystem physiological biomarker of chronic stress,72 and there is growing awareness
of its importance for understanding health disparities rooted in long-term and
intergenerational exposures to stress.17 This section reviews research on the maternal
health impact of allostatic load and the evidence on associations with breastfeeding.
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2.5.1 Allostatic Load
Allostatic load is a multisystem biological marker of chronic stress that reflects
the cumulative wear and tear on the body, determining health status and predicting longterm health.72,73 Allostatic load results from taxing the body’s normal adaptive response
to stress, otherwise known as allostasis.72,73 The mediators of allostasis (e.g., stress
hormones) express themselves with greater variability compared to homeostatic
parameters (e.g., blood pH) that fluctuate within a relatively narrow range.74 Therefore,
markers of allostatic load can vary greatly between individuals and can provide enough
heterogeneity to potentially explain chronic stress on a physiological level that is linked
to the development of disease and adverse health.
An important concept in allostatic load is the involvement of multiple systems
(e.g., nervous, endocrine, immune, cardiovascular systems) and multiple mediators of
adaptation (e.g., neurotransmitters, hormones, cytokines) operating in a non-linear
fashion.73 Research has shown the utility of allostatic load in understanding health status
and predicting physical and mental health outcomes and suggests greater predictability
when using this multisystem index rather than single biomarkers.8,72,75 Higher allostatic
load has been associated with increased risk of cardiovascular disease, hypertension,
diabetes, obesity, as well as depression and memory decline.72 Race has been suggested
to have a larger effect on allostatic load compared to SES, such that White people with
low SES have lower allostatic load compared to Black people with high SES.76

2.5.2 Postpartum Allostatic Load
There has been growing interest in exploring allostatic load during the peripartum
period due to its utility in explaining disparities in maternal and child health outcomes
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(e.g., low birthweight and preterm birth), and its predictive value for future health.77–79
The peripartum period is also critical for understanding intergenerational transmission of
health.77 Understanding allostatic load during this time illuminates not only maternal
lifetime exposures to stress, but also conditions surrounding fetal programming and infant
care that impacts the next generation. Researchers have found that measures of allostatic
load during pregnancy may not accurately represent chronic stress or predict health due
to obscuration of the measure from the naturally occurring physiological changes of
pregnancy.80 Thus, postpartum allostatic load may serve a more accurate indicator of
maternal peripartum health.
Most of the existing research specific to allostatic load during the postpartum
period has been conducted through the Community Child Health Research Network
(CCHN), which collected prospective data from 2510 African American, Latina, and
White women at multiple time points throughout the two years postpartum.79 In one
analysis of 1766 mothers in this cohort, researchers calculated allostatic load scores based
on ten biomarkers collected 1 year postpartum, by assigning one point for each biomarker
if it exceeded the clinical threshold.79 The total possible allostatic load score was 0-10,
with higher scores reflecting higher allostatic load. Researchers found that African
American mothers had the highest allostatic load score (mean score 4.57), followed by
Latina mothers (mean score 4.57), and White mothers (mean score 3.86).79 In addition to
race/ethnicity, other risk factors identified in this study include higher stress (based on 6
stress measures), lower resilience resources (based on 7 indicators of resilience), and
living in neighborhoods with higher concentrations of single heads of household,
unemployment, and African Americans.79
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In a different analysis of the CCHN data, of a slightly smaller sub-sample of 1483
mothers at 6 months and 1463 at 12 months, Shalowitz et al.81 similarly calculated
allostatic load scores using clinical thresholds, but scores were approximately a point
lower than calculations by O’Campo et al.79 for each race/ethnic group. The allostatic
load values in this analysis, however, followed the same pattern of disparities, with
African American mothers having the highest allostatic load (3.40 at 6 months and 3.34
at 12 months), compared to Latina (2.84 at 6 months and 2.97 at 12 months), and White
mothers (2.40 at 6 months and 2.29 at 12 months).81 Allostatic load values were similar at
6 and 12 months for all groups. Additional stratified analyses in this study showed that
women who were poor, and who had gestational diabetes, preeclampsia, and low
birthweight infants, had significantly higher allostatic load compared to their lower risk
counterparts, and associations between allostatic load and these indicators of adverse
peripartum health were strongest for African American mothers.81 In contrast, significant
associations were not found between allostatic load and preterm birth or parity.
Breastfeeding was found to be protective of allostatic load, but Shalowitz et al. described
the magnitude of effect being strongest for White mothers, and minimal for African
American mothers.81

2.5.3 Allostatic Load and Breastfeeding
Little is known about the relationship between breastfeeding and allostatic load.
In addition to a pilot study that we conducted, only one other study was identified that
examined this relationship.
We conducted a pilot study using nationally representative data (NHANES 19992016) from women during first year postpartum (n=1203) to examine the relationship
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between breastfeeding and allostatic load.82 Breastfeeding status was determined by one
question in the reproductive health questionnaire: “Are you now breastfeeding a child?”
Response options were: “Yes,” “No,” “Refused,” and “Don’t know”. Allostatic load was
derived from ten individual biomarkers with data publicly available from all nine waves
of NHANES examination and laboratory datasets: Body Mass Index (BMI), waist
circumference, systolic blood pressure, diastolic blood pressure, glycated hemoglobin,
high density lipoprotein (HDL), total cholesterol, serum albumin, serum creatine, and red
cell distribution width. We chose red cell distribution width to be an indicator of systemic
inflammation based on prior research, because values for C-reactive protein (CRP), the
more commonly used indicator of inflammation was not available for NHANE waves 7-9
(2011-2016). An allostatic load score (range 0-10) was calculated for each participant
based on two methods: clinical thresholds and empirically derived biomarker quartiles.
One point was added to the score for each participant who had a biomarker that exceeded
the clinical threshold value (clinical method) or that fell in the highest risk quartile
(empirical method). The results of our regression analyses showed that breastfeeding had
a significant inverse association with allostatic load in unadjusted and adjusted models.
Controlling for age, race/ethnicity, education, and poverty status, breastfeeding women
had 0.36 points lower allostatic load score than non-breastfeeding women when using the
clinical measure of allostatic load (b=-0.36, SE=0.11, P=0.002), and a 0.44 point lower
allostatic load score (b=-0.44, SE=0.15, P=0.005).82
Only one other study was identified that examined breastfeeding’s association
with allostatic load.81 In this study that used CCHN data, researchers stratified allostatic
load values by race/ethnicity and by breastfeeding status (i.e., ever vs. never breastfed).
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Mothers who had breastfed had lower allostatic load compared to mothers who never
breastfed for all race/ethnic groups, but the difference was greatest among White
mothers. Since this analysis did not control for any other risk factors, it is unclear what
other factors may have influenced the racial/ethnic differences in allostatic load by
breastfeeding status. In addition, the analysis did not clearly address the impact of
duration of breastfeeding on allostatic load. Nevertheless, this study provided some early
indication of the potential for breastfeeding to be protective of allostatic load.
More studies have investigated associations between breastfeeding and individual
stress biomarkers83 that are often incorporated in allostatic load calculations. For
example, cortisol levels among breastfeeding mothers have been found to be lower
overall,84 with diurnal cortisol being steeper compared to mothers who are not
breastfeeding.85 Studies have also found short term (6-18 month postpartum) and long
term (7 years postpartum) decreases in waist circumference, visceral fat, and BMI with
breastfeeding.86,87 Breastfeeding also seems to improve lipid profiles, with studies finding
higher plasma HDL cholesterol among breastfeeding women.83,88,89 One analysis of
mothers who participated in the CARDIA study found that mothers who breastfed for at
least 3 months had significantly higher HDL levels averaging 7 mg/dl up to 2 years after
weaning.89 In another analysis of 2,516 women participating in the SWAN study, aged
42-52 years with at least 1 live birth, researchers found that breastfeeding was protective
of metabolic syndrome including separate biomarker components of metabolic
syndrome.90 Compared to women who never breastfed, women who ever breastfed were
less likely to have impaired fasting glucose, elevated blood pressure, and abdominal
obesity, and had 23% lower odds of developing metabolic syndrome in multivariate
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models (OR 0.77, 95% CI: 0.62-0.96).90 Breastfeeding for longer duration increased its
protection, with the multivariate models showing lower likelihood of having elevated
blood pressure and abdominal obesity, and 12% lower odds of developing metabolic
syndrome with each additional year of breastfeeding (OR 0.88, 95% CI: 0.77-0.99).90
Overall, preliminary evidence of the relationship between breastfeeding and
allostatic load suggests breastfeeding’s protective influence. While only 2 studies
examined associations with allostatic load, several studies have investigated and found
associations with individual biomarkers that are commonly included within allostatic load
calculations.

2.6 Influences of Social and Environmental Stressors on Perinatal Health
Research suggests that stress contributes to negative perinatal health outcomes for
mothers and children,91 including increasing risks of preterm birth92,93 and low
birthweight.94 Furthermore, Black women and other racial/ethnic minorities in the U.S.
experience higher intergenerational and lifetime exposures to stress, contributing to
racial/ethnic disparities in perinatal health outcomes. 77 However, the contributions of
various social and environmental stressors on perinatal health are less understood.
Examining multiple stressors, particularly those most salient to the lives of racial/ethnic
minorities, is essential for understanding factors contributing to racial/ethnic health
disparities and for devising effective strategies for reducing disparities. This section
explores research on the impact of neighborhood deprivation, discrimination,
interpersonal violence, stressful life events, financial strain, and food insecurity on
perinatal health. In addition, we review associations between these stressors and
breastfeeding.
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2.6.1 Neighborhood Deprivation and Perinatal Health
Residential segregation, a lingering manifestation of racist policies and practices
such as redlining, biased mortgage lending and real estate sales, is considered a central
underlying cause of racial/ethnic disparities in health.95 Williams and Collins95 argue that
while individual SES is an established and important determinant of health, it is essential
to recognize residential segregation as a major driver of racial differences in SES.
Residential segregation creates concentrations of disadvantage with limited access to
employment, education, and other resources that may otherwise facilitate upward
mobility of minority groups. In addition, residential segregation has been found to be
associated with poorer health outcomes for racial minorities independent of individual
SES, attributed to neighborhood factors such as lower quality housing and healthcare,
limited availability and access to nutritious food, higher crime rates and fewer safe
environments to exercise. These factors associated with neighborhood deprivation
enhance exposure to health risks and stress, and reduce capacity to buffer risks, lowering
quality of life and compounding risks to poor health associated with lower individual
SES.95
Indicators of socioeconomic status are also commonly used in defining
neighborhood deprivation in maternal and child health research. Neighborhood factors
such as low average household income, high poverty and unemployment rates, poor
housing, and low education attainment have been linked with adverse outcomes such as
preterm birth and low birthweight.96–98 Aspects of the neighborhood built environment
that reflect neighborhood socioeconomics have also been examined.99 In a review of
eight studies examining the relationship between built environment and birth outcomes,
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aspects such as housing damage, property disorder, and residential structural
deterioration, contributed to preterm birth and in some cases low birthweight babies. 99
A few studies have examined the relationship between neighborhood factors and
mental health among postpartum women. In one study of a small sample of African
American women in Chicago (n=33 with preterm birth, n=39 with full term birth) during
1-3 days after childbirth, researchers found that mothers with higher perceived crime in
their neighborhoods (i.e., fear of being robbed, raped, and fear of walking alone at night),
and who lived in neighborhoods with higher social disorder (measured objectively using
police records of prostitution and drug-related incidents) reported higher psychological
distress in the past month.100
Other studies have investigated mental health in mothers beyond the postpartum
period. Clark et al.101 examined a predominantly Latina sample of mothers (Latina
n=200, White n=170, other n=18) who were followed up from a parent study, with data
collected for this analysis approximately 4-6 years after recruitment during prenatal care.
Researchers examined whether mothers’ witnessing of community violence in their
neighborhoods (i.e., hearing gunshots, seeing shootings and physical attacks) was
associated with depression and anxiety. They found that more than a quarter of women
(26%) witnessed violence in their neighborhoods, and that those who witnessed violence
in neighborhoods were 2.6 times more likely to have high levels of depressive symptoms
and 2.4 times more likely to experience anxiety symptoms compared to those who never
witnessed violence in their neighborhoods.101
In another cross-sectional study, using data from Fragile Families and Child
Wellbeing Study (n=3876), McCloskey and Pei102 examined the influence of
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neighborhood social cohesion on maternal depression and anxiety when their child was 3
years old. Researchers used a subjective measure of neighborhood cohesion that reflected
mothers’ perceptions of whether people in the neighborhood can be trusted, get along,
and have share values, and found that mothers who reported living in neighborhoods with
higher social cohesion had lower likelihood of experiencing symptoms of generalized
anxiety disorder and major depression. Researchers also found that parenting stress was a
mediator, such that higher neighborhood social cohesion led to lower parenting stress,
which improved mental health outcomes.102
These studies linking neighborhood social processes (i.e., crime, violence,
disorder, cohesion) to maternal mental health are consistent with studies linking
neighborhood characteristics with depression in adults. However, neighborhood
socioeconomics deprivation is likely correlated with crime, violence, and social disorder,
increasing the mental health risks of African American and other minority groups who
are more likely to live in low-income neighborhoods.

2.6.2 Neighborhood Deprivation and Breastfeeding
There is an emerging body of research examining the relationship between
neighborhood contexts and breastfeeding. Characteristics about neighborhoods that are
explored in relation to breastfeeding include the level of urbanization, racial/ethnic
composition, and indicators of socioeconomic deprivation including neighborhood levels
of educational attainment, unemployment, household income, and renter-occupied
housing.
Studies comparing breastfeeding rates between urban and rural areas have
consistently shown higher initiation rates in urban compared to rural areas,103–109 perhaps
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due to less social isolation and greater access to healthcare, exposure to positive
messaging around breastfeeding, as well as having more breastfeeding role models and
community resources. For example, one study that used exploratory spatial analysis to
examine the landscape of breastfeeding support services in Ohio found that urban and
suburban areas had access to many forms of breastfeeding support, including Baby
Friendly hospitals, International Board Certified Lactation Consultants (IBCLCs), WIC,
La Leche League, and Breastfeeding USA, while rural areas had much fewer support
services, with WIC being the only support in some areas.103 Another study that examined
the quality of breastfeeding support in maternity facilities by the level of urbanization in
the counties where the facilities were located, found that quality scores followed a
gradient, with highest scores in metropolitan areas and lowest scores in thinly populated
areas.110 Differences in quality scores were mostly attributed to better breastfeeding
assistance, staff training, and structural and organizational aspects of support in urban
facilities.110 Breastfeeding duration and exclusivity in relation to area urban/rural status
has been scarcely explored so the relationship is less clear.
Studies examining neighborhood racial composition suggest that having higher
proportion of Blacks in mothers’ areas of residence may be associated with lower odds of
breastfeeding.104,111,112 However, only a few studies have examined this association and
there have been methodological issues, such as lack of statistical adjustment for maternal
race/ethnicity and SES,104 use of perceived rather than objective measure,112 and use of
samples that are not generalizable to the overall U.S. population.104,111,112 The study that
had the widest sample range, recruiting mothers from 75 hospitals in 20 cities, and that
adjusted for covariates found that higher proportions of African Americans in census
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tracts was associated with lower odds of breastfeeding initiation and 6-month duration in
bivariate analyses, but associations did not remain significant in multivariate models. 111
Much more research is needed to decipher the relationship between neighborhood racial
composition and breastfeeding.
Although only a few studies have examined the relationship between
neighborhood educational attainment and breastfeeding, they have consistently shown
higher breastfeeding rates in neighborhoods with higher rates of educational attainment
among its residents.104,111,113 For example, one large study of 4228 predominantly
unmarried urban mothers found that after controlling for multiple individual-level and
neighborhood-level variables, mothers living in neighborhoods with higher percentage of
college educated individuals was associated with 1.25 times higher odds of ever
breastfeeding and 1.13 times higher odds of breastfeeding at 6 months compared to areas
with lower educational attainment, and this variable was the only neighborhood-level
variable that was significantly associated with breastfeeding.111 However, these studies
have been limited in generalizability to just one state,104 very low birth weight infants
who were admitted to a NICU,113 and urban single mothers.111
Other indicators of neighborhood socioeconomics that have been examined in
relation to breastfeeding include area proportions of renter-occupied housing units,
unemployment, single female-headed households, and average household income
index.104,113 In a study examining Kentucky counties, after controlling for various county
characteristics, researchers found an inverse relationship between proportion of renteroccupied housing units and breastfeeding initiation, but no associations with
unemployment rates.104 In another study of very low birthweight infants who were
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admitted to NICUs, infants of families who lived in census blocks with lower income
levels and with higher proportion of single female-headed households were less likely to
be fed breastmilk at day of life 30 and at time of hospital discharge, compared to those
with lived in areas with respective indicators of greater socioeconomic advantage. 113
These studies were limited to samples that cannot be generalized to all mothers and
infants, and are not directly comparable due to the different types of indicators and
geographic units examined, but they offer early insight about the potential link between
these specific indicators of neighborhood socioeconomics and breastfeeding rates.
A few studies have used composite indices of socioeconomic
deprivation/disadvantage to examine the relationship between neighborhood
socioeconomics and breastfeeding.111,114–116 These studies all used census tract data to
measure neighborhood characteristics, yet combined different measures for their
composite index. One study used the Townsend index, reflecting four measures: crowded
occupied housing, unemployment, renter-occupied housing, and lack of motor vehicle in
housing unit.114 Riley et al.115 also combined four measures, similarly including renteroccupied housing and unemployment, but differed in using measures of households in
poverty and female-headed households. This study also used a separate measure of
neighborhood violent crime rate as an indicator of neighborhood disadvantage.115
Yourkavitch et al.116 similarly included measures of unemployment and households in
poverty, but added the proportion of vacant housing units, proportions of households
receiving public assistance, and households that fall in specific income thresholds (i.e.,
<$15,000, and <$50,000). This study also examined breastfeeding in relation to a
neighborhood affluence index, which reflected employment (i.e., proportion of >16 year-
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olds in professional/managerial positions), education (i.e., proportion of >25 year-olds
with at least 16 years of education), and median home values.116 Another study combined
just two measures: percentages of households with income below poverty level, and those
receiving public assistance.111
Overall, existing research examining the relationship between neighborhood
deprivation and breastfeeding suggests that neighborhood deprivation may contribute
barriers to breastfeeding, but there are still too few studies to draw conclusions. Studies
vary greatly by measures used in defining neighborhood deprivation, which makes direct
comparisons difficult. The impact of neighborhood deprivation may also be experienced
differently by different race/ethnic groups, but few studies report results that are stratified
by race/ethnicity.

2.6.3 Discrimination and Postpartum Depression
Several studies have identified a positive association between experiences of
discrimination and postpartum depression or other negative mental states. One study of a
large sample of African American mothers (n=1,349) from 5 regions of the U.S.,
examined whether early childhood experiences of racism was associated with postpartum
depression, and whether everyday experiences of racial discrimination as an adult
mediated the relationship.117 They found that both mothers who reported direct
experiences of racism in childhood and mothers who reported vicarious experiences of
racism (i.e., racism experienced by family or close peers), had significantly greater
symptoms of postpartum depression at one month postpartum, compared to mothers who
did not report childhood experiences of racism, although the relationship did not remain
significant after controlling for education, income, and history of depression.117 In
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addition, mothers who experienced racism in childhood were more likely to experience
racism in adulthood, and there was a significant indirect path to postpartum depression
(i.e., childhood experiences through adult experiences of racism) as well as a significant
direct path (i.e., childhood experiences directly associated with postpartum
depression).117 Another study that examined experiences of discrimination at different
times points throughout pregnancy and postpartum, found that lagged discrimination (i.e.,
discrimination measured at time points before the outcome measure) predicted depression
and anxiety symptoms among a sample of mostly Latina and Black young mothers
(average age 18.66 years).118 Associations between discrimination and postpartum
depression have also been identified in studies from other countries.119,120 One study in
the Czech Republic suggested that the relationship between discrimination and
postpartum depression may be moderated by socioeconomic status.120 This study found
that perceived discrimination reported in pregnancy (inclusive of gender, skin color,
dress, family origin, speech, religious beliefs, and other attributes) was associated with
2.43 times increased odds of postpartum depression among women with low education,
but no association among women with high education.120
Since depression during pregnancy is a risk factor for postpartum depression,
studies examining the influence of discrimination on depression during pregnancy have
been helpful in elucidating sources of postpartum depression. Antenatal depression tends
to be higher among non-Hispanic Blacks compared to non-Hispanic Whites, Hispanics,
and Asians.121 In one study, Canady et al.122 examined the influence of discrimination
(including racial, gender, and socioeconomic-based discrimination) on depression during
mid-pregnancy. They found that the statistically significant higher rates of antenatal
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depression among working African American women no longer remained significant
when discrimination was entered in the analytical model, suggesting that discrimination
was a mediator of prenatal depression.122
Overall, while studies examining discrimination and postpartum depression are
limited in number, vary in sample characteristics, and capture different times when
discrimination was experienced, the evidence points to discrimination’s detrimental
impact on women’s mental health in the perinatal period, and the consequential harm on
children’s development. Stigma of mental health issues likely adds to the burden, as it
prevents some women from seeking help from postpartum depression.123

2.6.4 Discrimination and Breastfeeding
Research to date examining the relationship between experiences of
discrimination and breastfeeding is scant. In a recently published scoping review,
Robinson et al.124 identified five studies exploring this relationship,112,125–128 which
included quantitative and qualitative studies capturing perspectives of women during the
perinatal period, as well as health care providers.
Only one study by Griswold et al.112 used direct measures of experiences of
discrimination. In this prospective study, Griswold et al. examined the relationship
between experiences of racism and breastfeeding initiation and duration in a sample of
2172 primiparous women from the Black Women’s Health Study. Questions were asked
about day-to-day experiences of racism, as well as exposure to racism in institutional
settings including employment, housing, and police encounters. Researchers found no
significant associations between daily experiences of racism and breastfeeding initiation
or duration. Furthermore, there were no significant associations between exposure to
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institutional racism overall (i.e., combining exposure in three settings) and breastfeeding
initiation or duration. However, when examining specific aspects of institutional racism
separately, significant associations were found in relation to experiences of racism in
employment settings and with the police. Reported exposure to racism on the job was
associated with lower odds of breastfeeding for a longer duration (i.e., 3-5 months)
compared to ≤ 3 months (OR 0.77, 95% CI: 0.60-0.99). But results were not statistically
significant when comparing the longest to the shortest duration category (≥ 6 months vs.
≤ 3 months). On the other hand, contrary to expectations, researchers found that when
exposed to experiences of racism with the police, there was higher odds of breastfeeding
initiation (OR 1.41, 95% CI: 1.10-1.80]) and breastfeeding duration (3-5 vs. ≤ 3 months:
OR 1.34, 95% CI:1.10-1.77; ≥ 6 vs. ≤ 3 months: OR 1.41, 95% CI: 1.10-1.82). Results
related to encounters with the police point to the need to explore resiliency factors and
responses to racism; it is possible that increased exposure to discrimination spawns
motivation to resist and counteract sources of harm. This study was limited to a cohort of
Black primiparous women, and almost all (95%) had some college education. In addition,
the study did not adjust for any resiliency variables in consideration of women’s capacity
for resiliency in face of racism.112
In another quantitative study included in the scoping review, Gee et al.125 used
2007-2008 Pregnancy Risk Assessment Monitoring System data for Louisiana (n=2534,
38.5% African American, 57.3% White) to examine whether there were racial differences
in experiences of hospital breastfeeding support practices. Researchers found that while
African American mothers were more likely to receive prenatal breastfeeding counseling,
they were 34% less likely to experience rooming in with their infants, 41% less likely to

34

have their babies fed only breastmilk in the hospital, 40% less likely to receive referrals
for support after discharge, and 48% less likely to breastfeeding in the hospital. While the
study provided limited details about the contexts for these experiences, receiving less
breastfeeding support in hospitals may have partially explained the lower rates of
breastfeeding initiation among African Americans.125
Three qualitative studies in the scoping review examined perspectives of
healthcare providers and African American women on how discrimination influences
breastfeeding.126–128 In one study, Gross et al.126 conducted 3 focus groups including a
total of 23 WIC peer counselors who had experience counseling African American
women, inquiring about factors influencing breastfeeding decisions by African American
women. These focus groups revealed African American women’s struggle with biases in
the healthcare system (e.g., providers not initiating conversations about breastfeeding,
limited support from lactation counselors, promotion of formula), media’s sexualization
of African American women’s bodies and lack of positive images of African Americans
breastfeeding, and stigma of breastfeeding in their families and communities attributed to
the history of slavery and enslaved women’s forced role of wet nurses or “mammies”. 126
In another study, researchers who interviewed 36 IBCLCs across the country about
patient discrimination in lactation care, identified several instances of implicit bias as
well as overt racism in the form of racist comments.128 For example, IBCLCs described
provider assumptions that Black women don’t want to breastfeed, thus offer them less
lactation support, while being quicker to offer services like birth control and drug
dependency treatment.128 Similar implicit biases in healthcare settings, such as incorrect
assumptions often held by providers about African American women’s lack of desire to
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breastfeed, and the lack of culturally-relevant breastfeeding support, was found in another
study127 in this review as well as other studies.129–132 Differential treatment from
healthcare providers has resulted in inadequate encouragement, advice, and education
regarding breastfeeding for African Americans.131 Furthermore, the lack of representation
of African Americans and other minority groups as doctors and nurses,133 and lactation
consultants127,131,134 compounds the lack of support for African Americans.
Discrimination or stigma felt by breastfeeding women in settings such as
workplaces and public spaces has also been documented. In workplace contexts, women
often are not given any or adequate maternal leave from work, have found it challenging
to negotiate time and space to pump at work, and have felt vulnerable to losing their jobs
if they breastfeed.129,130,135,136 Women breastfeeding in public spaces like restaurants and
stores are commonly told that they are being indecent, even when they conceal their
breasts, and are asked to stop and sometimes harassed and forced to leave (e.g., Target137;
Starbucks138).
Overall, quantitative and qualitative studies have revealed discrimination that
women have experienced in many settings (e.g., healthcare, workplace) and operating in
interpersonal as well as institutional ways. From the history of forced wet nursing among
enslaved women to implicit and overt forms of racism in healthcare, African American
women have been especially targeted and have faced the immense and added burden of
needing to overcome the oppression that has discouraged them to breastfeed.

2.6.5 Interpersonal Violence and Perinatal Health
Interpersonal violence is a broad term referring to many forms of intentional
violence between individuals, including violence that is physical, sexual, verbal,
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emotional, or psychological, often involving family or familiar members of the
community, and encompassing specific types of violence such as elder abuse, child
maltreatment, and intimate partner violence.139 Pregnancy is a time when interpersonal
violence in the form of intimate partner violence increases in severity and frequency for
many women.140
Postpartum depression is the most common perinatal outcome identified in
relation to interpersonal violence, with a large body of research from many countries
finding interpersonal violence to be a significant risk factor of postpartum depression.141–
145

Based on a systematic review and meta-analysis that included 32 studies published

from 2002 to 2017, of which 90% were rated high quality, women who experienced any
violence events had more than 2 times increased risk of developing postpartum
depression compared to women who did not experienced violence events (OR 2.04, 95%
CI: 1.72-2.41).145 In addition, interpersonal violence-related postpartum depression can
lead to dysregulation in children,146,147 such as increased aggression and defiance towards
mothers among 2 year-olds.147 Beyond postpartum depression, a few studies have found
associations between interpersonal violence and additional detrimental maternal and child
health outcomes such as increased risk of preterm labor, placental rupture, hemorrhage,
cesarean delivery, delivering a low birthweight infant, and neonatal death.148

2.6.6 Interpersonal Violence and Breastfeeding
Few studies in the U.S. have examined the relationship between interpersonal
violence and breastfeeding. A recently published systematic review identified 12 studies
including 4 from the U.S. (two of which were focused on adolescent mothers), and the
rest from Africa, Australia, Brazil, Bangladesh, India, and China.149 Eight of these studies
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found that intimate partner violence was significantly associated with reduced
breastfeeding behavior, including decreased intention (1 study), initiation (1 study), and
early termination of exclusive breastfeeding (6 studies). These breastfeeding outcomes
were found in relation to physical, sexual, and emotional forms of violence. Interestingly,
a few studies found that intimate partner violence was associated with better
breastfeeding outcomes in certain contexts, including samples from African countries,
China, and India.149
Authors of the review described several potential mechanisms of the
relationship.149 Interpersonal violence may increase risk behaviors, such as alcohol and
drug use, which are associated with reduced breastfeeding. Detrimental impacts on
maternal mental health may interfere in mothers’ capacity to care and feed infants, and
the physiological stress response may inhibit milk production. In addition, mothers may
be challenged or prohibited to breastfeed by partners who feel threatened by the
maternal-infant bond, and who want mother’s breasts to themselves. On the other hand,
mothers who experience violence may feel an increased need to protect and prioritize
care and bonding with infants, which may explain the higher rates of breastfeeding
among abused women in a few studies.149

2.6.7 Stressful Life Events and Breastfeeding
Stressful life events during the perinatal period are major events beyond the
regular day-to-day stressors, that are typically measured by asking women whether they
experienced specific events falling into 4 categories of stressors: emotional (e.g., close
family member hospitalized or died), financial (e.g., moved residence, self or partner lost
job, unable to pay bills), partner-associated (e.g., got separated or divorced, partner didn’t
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want pregnancy), and traumatic (e.g., became homeless, self or partner went to jail,
someone close had drinking or drug issues).150,151
Research on the relationship between stressful life events and breastfeeding is
scarce. To our knowledge, only two studies have specifically examined this
relationship.152,153 In a study published in 2008, Li et al. measured stressful life events
during pregnancy among a sample of 2420 women in Australia, and examined whether
this stress influenced early cessation of breastfeeding (i.e., cessation by 4 months). 153
Women were asked at 18 and 34 weeks gestation whether any of eleven stress events
occurred, such as death of close friend or relative, job loss, marital issues, financial
problems, and pregnancy problems.153 Pregnancy problems were the most commonly
reported type of stress, reported by 36.6% of participants, followed by financial problems
(33.6%), residential move (25.4%), and marital/relationship problems (11.7%).153
Multivariate models examined any experience of stress events at 18 weeks, 34 weeks, or
both time-periods, compared to no stress events, and found that only the experience of
stress at both time points was significantly associated with early cessation of
breastfeeding (OR 1.34, 95% CI: 1.04-1.71)).153 When researchers examined each stress
event separately, they found increased odds of early cessation of breastfeeding by 70%,
38%, and 35%, among mothers who experienced separation or divorce, financial
problems, and residential moves, respectively.153
In another study published in 2012, Dozier et al. examined stress by four
categories—financial, emotional, traumatic, and partner-associated—and whether
stressful events in these categories that occurred during pregnancy or the first month
postpartum were associated with cessation of any breastfeeding and exclusive
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breastfeeding in a sample of 341 U.S. urban low-income mothers who had initiated
breastfeeding.152 Financial stress, which included big issues with money or moving
residences, was the most commonly reported stress (65.7%), followed by partnerassociated stress (49.6%), which included partner separations, frequent arguments, and
disagreements around wanting the pregnancy. In unadjusted analyses, all stress categories
except for the emotional stress category were significantly associated with breastfeeding
in at least one of the outcomes measured (i.e., cessation of any breastfeeding by 4 and by
13 weeks, cessation of exclusive breastfeeding by 4 and by 13 weeks). In models that
adjusted for maternal characteristics, financial and traumatic stress were the only two
categories of stress that were significantly associated with breastfeeding. Traumatic stress
referred to experiences of living in shelters, having physical fights, legal trouble or jail
time, and issues of drinking or drug use among close relations. Mothers with financial
stress were 2.76 times more likely to terminate any breastfeeding by 4 weeks compared
to mothers without financial stress (OR 2.76, 95% CI: 1.25-6.06), and mothers with
traumatic stress were 2.95 times more likely to terminate exclusive breastfeeding by 13
weeks compared to mothers without traumatic stress (OR 2.95, 95% CI: 1.04-8.38). The
analyses were limited only to mothers who initiated breastfeeding (49% of the original
sample), so may have underestimated the relationship between stress and breastfeeding,
since stress experienced during pregnancy may have influenced mothers to not initiate
breastfeeding in the first place.152
Mechanisms for the influence of stressful life events on breastfeeding may be
similar to depression, having a potential biological mechanism of stimulating or
inhibiting hormones, leading to insufficient milk production. In addition, stress may
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accompany low confidence and self-efficacy to breastfeed, leading to sub-optimal
feeding practices.

2.6.8 Financial Strain and Breastfeeding
We only identified two studies that examined the relationship between financial
strain and breastfeeding, including one study of an Australian sample153 and one of an
urban U.S. sample.152 Financial strain was measured as one category within experiences
of stressful life events, as already described in a previous section. The study in Australia
found that women who reported financial strain were 1.38 times more likely to terminate
breastfeeding by 4 months compared to women who did not report financial strain.153 The
U.S. study found that mothers with financial stress were 2.76 times more likely to
terminate any breastfeeding by 4 weeks compared to mothers without financial stress.
Both studies found that financial strain was associated with early cessation of
breastfeeding, although they differed in their samples and the period in which
breastfeeding termination was measured.
In a separate study in Sweden,154 although the relationship between financial
strain and breastfeeding was not directly measured, there may have been an indirect
relationship through their common links with depression. This study found that women
who reported higher levels of perinatal depression also reported higher levels of financial
strain, and women with depression were less likely to breastfeed, and breastfed for a
shorter time compared to women who had low levels of depression.154 The indirect
relationship between financial strain and breastfeeding via postpartum depression is one
possible mechanism for how financial strain might influence breastfeeding.
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2.6.9 Food Insecurity and Perinatal Health
Food security/insecurity is defined in various ways in the international
community. The UN Committee on World Food Security defines food security as a
condition when “all people, at all times, have physical, social, and economic access to
sufficient, safe, and nutritious food that meets their food preferences and dietary needs
for an active and healthy life”.155 The USDA defines food insecurity as “the limited or
uncertain availability of nutritionally adequate and safe foods or limited or uncertain
ability to acquire acceptable foods in socially acceptable ways”.156 To monitor food
security status in the U.S., the USDA uses a food security survey with 10 to 18 questions
(depending on whether households have children), asking the respondents questions
about their household in the past 12 months, such as whether they worried that food
would run out, couldn’t afford to eat balanced meals, skipped meals, or didn’t eat for a
whole day because there wasn’t enough money for food.156
Rates of food insecurity seem to be improving in the U.S., with 10.5% of
households estimated to be food insecure at some time in 2019, down from 14.9% in
2011 and 11.1% in 2018.157 However, certain sub-populations have higher rates. In 2019,
food insecurity was estimated in 14.5% of households with children under 6 years, 28.7%
of households headed by single mothers, and 19.1% of Black households.157 The added
vulnerability of food insecurity among families with children make this an important
stress factor to understand in the perinatal period.
A plethora of evidence exists regarding the adverse consequences of food
insecurity on perinatal mental health of mothers158–163 and children’s psychosocial and
emotional development.159,164,165
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A 2020 published study of a nationally representative sample of US mothers of 05 year-olds in 2016-2017 (n=19,127) found that food insecurity was significantly
associated with maternal self-reported poor mental health.161 Food insecurity was
measured by one question asking about the household food situation. Maternal mental
health was also measured through one question asking about the mothers’ general mental
or emotional health, with 5-point Likert scale response options “fair” or “poor” indicating
poor mental health. Multivariate analyses showed that compared to households that could
always afford enough and nutritious meals, mothers in households that could afford
enough food but not nutritious/healthy food were 2.74 times more likely to report poor
mental health (OR 2.74, 95% CI: 1.59-4.70), and mothers in households that sometimes
or often were not able to afford enough to eat were 3.20 times more likely to report poor
mental health (OR 3.20, 95% CI: 1.76-5.84). Although this study was strengthened by
using a large, nationally representative sample, measures of food insecurity and maternal
mental health were limited by using simplified questions that may not have captured the
real scope of food insecurity and mental health status.161
Some mediators and moderators have been identified in the relationship between
food insecurity and perinatal health. For example, one study of 606 pregnant women in
the U.S. (33% Black, 59% White) found that while positive associations existed between
food insecurity and perceived stress (OR 2.24, 95% CI: 1.63-3.08), anxiety (OR 2.14,
95% CI: 1.55-2.96), and depression (OR 1.87, 95% CI: 1.40-2.51), inverse associations
were found between food insecurity and maternal self-esteem (OR 0.52, 95% CI: 0.380.69) and mastery (i.e., sense of control of one’s life) (OR 0.49, 95% CI: 0.35-0.68),
suggesting that these psychosocial factors may act as a buffer between food insecurity
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and adverse mental health.166 Social support,162,167 as well as public assistance programs
such as WIC and SNAP158,160 may also provide essential needs in preventing detrimental
effects of food insecurity on maternal health.
Overall, there is evidence of the role of food insecurity in increasing risk of
adverse perinatal health, including positive associations with suboptimal eating
behaviors, obesity, and poor mental health. Measures of food insecurity seem to vary
from study to study,159,160,162 so for the sake of comparing studies, it is important that
future studies fully explain the measures of food security used, including any validity and
reliability information, and strive to use more comprehensive measures if possible to
improve validity and to facilitate comparability.

2.6.10 Food Insecurity and Breastfeeding
In the U.S., quantitative studies, including one using national PRAMS data168 and
two using predominantly low-income urban Hispanic samples,169,170 found no significant
association between food insecurity and breastfeeding in multivariate models. In a large
national study, Dinour et al.168 examined maternal PRAMS survey responses from 6
states with available food insecurity data-- Colorado, Maine, New Mexico, Oregon,
Pennsylvania, and Vermont (n=13,284). While bivariate models showed that food
insecure mothers had lower rates of initiating breastfeeding compared to food secure
mothers (87.6% vs. 91.4%, P<0.01), and were two times more likely to terminate
breastfeeding before 1 week compared to ≥ 10 weeks, these associations did not remain
significant when controlling for sociodemographic variables.168 While the other two
quantitative studies were much smaller (n=410 in Gross et al.170; n= 201 in Gross et
al.169), and limited to predominantly Hispanic samples, food insecurity was not found to
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be related to infants’ breastfeeding when they were 10 months old170 and 2 weeks to < 6
months old.169 Although all three studies used questions derived from the USDA food
security module to measure food insecurity, the number of questions and content differed.
Dinour et al.168 used one question asking mothers whether they ate less during the year
before childbirth because there wasn’t enough money to buy food, while Gross et al. 169
used two questions capturing whether mothers worried about food running out and
whether they relied on lower cost food during the year before the survey was conducted.
Gross et al.,170 on the other hand, used 10 questions capturing a wider range of
experiences around food insecurity, and further distinguished food insecurity before
childbirth and postpartum. The differences in measures of food insecurity and
breastfeeding make it hard to directly compare studies, yet the evidence from quantitative
studies in the U.S. nonetheless suggests a lack of association.
Qualitative studies have revealed potential mechanisms of the way food insecurity
may influence breastfeeding. A qualitative study of a U.S. sample revealed ways that
food insecurity may reduce breastfeeding.171 Interviews with 100 low-income Hispanic
mothers revealed some mothers’ lack of confidence in the quality of their breastmilk
because they didn’t perceive their diets to be good enough. In addition, mothers believed
that their life stress would decrease the quantity and quality of breastmilk, and wanted to
avoid passing negative emotions to infants through breastmilk.171 In addition, mothers
described limiting food eaten each day, which may have affected the quantity of milk. 171
Similar expressions of nutritional inadequacy leading to inability to maintain
breastfeeding over time was found in interviews of mothers in Nova Scotia, although
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mothers also expressed inclinations to initiate breastfeeding when faced with food
insecurity and financial constraints to buy formula.172
Overall, evidence is inconsistent, showing that there may not be a significant
direct relationship between food insecurity and breastfeeding. However, some scholars
have described the paradox in the tendency for food insecure and low-income mothers to
have lower breastfeeding rates, since they are the ones who can benefit most from the
cost-saving and health-protective elements of breastfeeding.173,174 While some women in
economically disadvantageous positions may be drawn to breastfeeding because it’s free
or because of the health benefits, women may also be overcome by the burden of stress
involved in living with food insecurity, which may deter mothers from wanting to take on
another responsibility to produce milk for their infants, and which may interfere in
physiological lactation processes to produce an adequate supply of milk. In addition, food
insecure mothers likely face the need to return to work earlier, and may not have the time,
energy, and support needed to feed their infants.173,174

2.7 Positive Deviance and Breastfeeding
The positive deviance approach to improving health is based on the awareness
that within a community at risk of poor health outcomes, certain individuals (i.e., positive
deviants) digress and experience positive health outcomes despite exposure to risk. 175,176
Solutions to improving health outcomes lie within the community and rely on resources
that already exist and that are accessible to community members. By identifying
behaviors, beliefs, and conditions that allow positive deviants to be resilient in spite of
risk factors, and by making them accessible to the community, improved health outcomes
for the wider community can be realized. The positive deviance approach to improve
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maternal and child health has been used since the 1970s and its scalability has been
realized through international projects addressing malnutrition in resource-scarce
situations.175,176
A few studies have formally applied a positive deviance approach to address
inadequate breastfeeding rates by exploring characteristics of women who breastfeed
despite being at high risk for not breastfeeding.177–179
In a quantitative study, Ma & Mangus179 used cross-sectional data from the 20002004 Louisiana Pregnancy Risk Assessment and Monitoring System to examine
characteristics of positive deviants who initiated breastfeeding. Starting with a sample of
2,036 WIC-enrolled first-time mothers, researchers identified low educational attainment
(i.e., <12 years of education) as the major risk factor for not initiating breastfeeding.
Among 641 mothers with <12 years of education, 28.4% of mothers (19.8% Black and
40.3% White) initiated breastfeeding and were classified as positive deviants. A major
finding was that hospital practices significantly characterized positive deviants, who were
5.03 times more likely to receive in-hospital breastfeeding support and 40.34 times more
likely to breastfeed in the hospital compared to mothers who were at risk and did not
initiate breastfeeding. Furthermore, race-stratified analyses showed that Black positive
deviants were 7.21 times more likely to receive breastfeeding support than Black mothers
who were at risk and did not initiate breastfeeding.179
In a qualitative study, Gross et al.178 applied positive deviance to explore
facilitators of breastfeeding among 11 WIC-participating, African American mothers who
breastfed a child for at least 6 months. Using semi-structured, in-depth interviews,
researchers identified factors that led mothers to initiate and to maintain breastfeeding for
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at least 6 months. Receiving professional support, including lactation support in hospitals
and encouragement from WIC peer counselors, and support from family members,
particularly husbands/partners, were important factors leading mothers to breastfeed.
Having support systems was a main contributor to long-term breastfeeding, including
receiving support from family, employers, healthcare providers, and childcare providers.
Furthermore, mothers exhibited a special pride in breastfeeding and commitment to
breastfeeding, which motivated them to establish daily routines to incorporate
breastfeeding and to effectively strategize when faced with barriers, such as finding
private places to breastfeed when in unaccommodating public spaces.178
In another qualitative study, Barbosa et al.177 used 7 mini focus groups to
interview a total of 25 low-income African American women about their infant feeding
practices in order to identify distinguishing factors among positive deviants who
breastfed for ≥4 months. Researchers conducted separate focus groups for mothers based
on their infant feeding: two groups included mothers who formula-fed (n=8), three
groups included mothers who breastfed for < 4 months (n=11), and two groups included
positive deviant mothers who breastfed for ≥4 months (n=6). One of the major
distinguishing characteristics of positive deviants was their high level of self-efficacy,
which was defined by competence in managing new situations and coping with adversity,
in general and related to breastfeeding. Positive deviants were determined to continue
breastfeeding, and exhibited skills in strategizing, problem solving, and defending their
positions to breastfeed when faced with barriers, such as the need to return to work. In
terms of environmental determinants, positive deviants received strong WIC and hospital
support to breastfeed, while women who formula fed received strong formula feeding
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support from WIC and hospitals, and women who breastfed for shorter periods had mixed
or inadequate support from these institutions.177
Receiving institutional support to breastfeed was a common theme from the three
studies that formally examined factors influencing breastfeeding positive deviants. The
two qualitative studies also found personal characteristics, such as pride, determination,
and self-efficacy, to be important factors that helped mothers breastfeed for a longer
duration. Other studies exploring facilitators of breastfeeding among African American
women have identified the importance of similar personal characteristics. For example,
two qualitative studies that sought the perspectives of African American mothers who
successfully breastfed, identified the importance of determination and self-advocacy to
overcome challenges to breastfeeding, such as lack of support and discouragement from
family, friends, employers, and healthcare providers.129,130
In addition to the dearth of studies applying the positive deviance approach to
breastfeeding, there are several limitations to the prior studies. Qualitative studies have
been limited by small sample sizes and the lack of generalizability to larger geographic
areas and to non-African American racial/ethnic groups. While the one quantitative
study179 used a relatively large sample, the sample was limited to mothers in Louisiana.
In addition, the study examined only breastfeeding initiation (not duration) as the positive
deviant behavior, and did not explore important resiliency factors (e.g., self-efficacy) that
may have facilitated breastfeeding. Future studies using larger sample sizes, more diverse
samples, and exploring a range of resiliency variables among breastfeeding positive
deviants would help in planning interventions to improve breastfeeding rates that are
culturally relevant and accessible to those at high risk of not breastfeeding.
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2.8 Mechanisms of Breastfeeding as Moderator of Stress Pathways
Prior research looking at influences of breastfeeding on specific biomarkers and
health indicators suggests three mechanisms in which breastfeeding may function as a
mediator or moderator of stress pathways to reduce postpartum allostatic load,
depression, and anxiety: 1) a hormonal/ neuroendocrine mechanism related to stress
regulation; 2) a metabolic mechanism related to energy mobilization and weight balance;
3) a psychosocial mechanism related to processes of empowerment and reconnection.
While these mechanisms distinguish specific pathways to improving health, there is
substantial overlap. For example, stress-regulating hormones influence metabolic
processes, and can also affect the availability and capacity of our mind and emotions to
be open to positive psychosocial shifts. Therefore, it is important to consider these
pathways as ones that intersect at various levels to affect health.
Within the hormonal mechanism, a hormonal “resetting” occurs with
breastfeeding, which down regulates the stress response and supports maternal mental
and physical health.7 Breastmilk production and ejection is made possible through the
release of prolactin and oxytocin, two of the most important hormones of lactation.7,180
Oxytocin, also known as “the love hormone,” is released in large amounts immediately
after labor in response to mothers seeing, smelling, and touching their newborn against
their skin.24 Early release of oxytocin facilitates maternal bonding with her newborn and
stimulates uterine contractions, which prevents excessive bleeding and postpartum
hemorrhage.24 The suckling of infants further stimulates maternal release of oxytocin
along with prolactin for the initiation of lactogenesis. 180,181 Both prolactin and oxytocin
have been found to have anxiolytic, antidepressant, and mood stabilizing effects on
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mothers, through mechanisms including suppression of HPA axis responsiveness,
activation of serotonergic function, and inhibition of fear responses in the amygdala.7 The
suppression of HPA axis response is accompanied by lower levels of adrenocorticotropic
hormone and vasopressin, as well as plasma and salivary cortisol levels among
breastfeeding mothers.7,25,26 The down-regulation of stress is particularly important
during the postpartum period when mothers are susceptible to higher levels of stress and
inflammation due to higher levels of inflammation in the third trimester of pregnancy,
and the need to recover from childbirth stress, bleeding, pain, trauma, and sleep
disturbances that are commonplace in the postpartum period.26
Within the metabolic mechanism, breastfeeding places high caloric demands on
the body, increasing the body’s mobilization of fat stores to offset pregnancy and chronic
stress-associated fat storage.83 Development of insulin resistance and increases in fat
storage, serum cholesterol and triglycerides are normal metabolic outcomes of pregnancy
to supply energy needs of a mother and her growing fetus.182 In addition, chronic stress is
associated with pro-obesogenic mechanisms favoring the accumulation of visceral fat,
which in turn leads to metabolic dysregulation such as insulin resistance.183 Thus,
breastfeeding’s role in resetting metabolism helps in pregnancy recovery as well as
balancing stress-induced metabolic dysfunction. Mothers experience an estimated 1525% increase in energy expenditure for milk production, and mothers who breastfeed
exclusively require an additional 400-500kcal per 24 hours during the first 6 months
postpartum.83 In addition to increases in fat store mobilization, breastfeeding mothers
experience increases in basal metabolic rates and insulin sensitivity, and decreases in
blood lipids, which leads to greater weight loss and improvements in biomarkers such as
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cholesterol and insulin.83,89 This helps to offset the increased weight retention and
visceral fat storage that occurs through gestational weight gain processes in pregnancy, as
well as visceral fat storage from chronic stress. Studies have found short term (6-18
month postpartum) and long term (7 years postpartum) decreases in waist circumference,
visceral fat, and BMI with breastfeeding.86,87,184 These protective effects on metabolic
biomarkers contribute to lower allostatic load and reduced risks of chronic disease. For
example, increased breastfeeding duration and intensity has been found to decrease risk
of developing metabolic syndrome and type 2 diabetes.90,185 Furthermore, improved
weight management supports mothers’ self-esteem, body satisfaction, and mental health
during the postpartum period.186–189
Within the psychosocial mechanism, breastfeeding can be a source of
empowerment and reconnection to life, oneself, and community, helping to create greater
balance, to invigorate health, and to offset life stressors including those involved in the
motherhood transition. The perinatal period is a major time of transition, when many
women reorganize their values, make new meaning in life, and redefine their
identities.190,191 However, the motherhood transition can be stressful and disruptive to
their normal routines, and many women respond with distress to changes in their bodies,
work, relationships, and social circles, and develop feelings of isolation, conflict,
uncertainty, and insecurity about their abilities to parent.190,192 One review of studies
examining the motherhood transition found that maternal engagement (e.g., commitment
to mothering, actively caring for child and feeding of child) was an essential precursor to
positive experiences of growth and transformation.190 Maternal engagement can be
heightened by breastfeeding, through the skin-to-skin holding, eye-contact, and caressing
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that often accompanies breastfeeding, along with the synching of mothers’ bodies to
quantities of milk and timing of feeding that their infants need. The resulting maternalinfant bonding and attachment that happens through breastfeeding improves maternal
mental health.7,193 Studies have also found that breastfeeding increases maternal sense of
confidence, self-worth, and empowerment, particularly among disadvantaged groups
such as racial/ethnic minorities and adolescents.194–196 For example, one study of First
Nation women in Canada found that breastfeeding helped women reclaim traditional
values and reestablish their cultural identity, and was associated with improvements in
empowerment indicators (i.e., self-esteem and caregiving scores) from prenatal to
postpartum periods.196 Schroeder et al.196 suggest that the empowerment gained through
breastfeeding was related to women’s feelings of success in caregiving roles, which is
particularly salient when living on the margins. In another study, African American
mothers expressed the empowerment they felt through breastfeeding, including their
sense of pride for providing the best food for their infants through their bodies, and their
sense of accomplishment in being able to optimize their infants’ and their own health
through breastfeeding, and in being able to save money because they didn’t need to buy
formula.130 In addition, breastfeeding was an act of resilience and self-determination for
many women despite the hardships and systems of oppression that discouraged them to
breastfeed.130 In summary, breastfeeding empowers women and helps them recognize
their value as mothers, and in the process of committing to breastfeeding, they find
connection with traditions and other mothers who share and uphold similar values. The
resulting greater sense of connection and belonging improves mothers’ mental health and
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supports physical health through the act of breastfeeding itself, as well as through other
behavioral shifts such as cessation of drugs and alcohol.196

2.9 Summary and Research Gaps
Prior research on perinatal health disparities has focused on factors influencing
birth outcomes, with less attention paid to postpartum health. Research on postpartum
allostatic load is important because as a multi-system physiological marker of chronic
stress, it facilitates understanding of the stress pathway and factors that contribute to and
build resilience to stress. In addition, data consistently show higher allostatic load among
Black women compared to other racial/ethnic groups, pointing to the utility of using
allostatic load to understand factors contributing to health disparities. Understanding the
ways chronic stress expresses itself in the perinatal period and the malleability of stress
outcomes during this period provides important information for improving the trajectory
of health, for mothers as well as for future generations.
Research so far on postpartum allostatic load has been mostly conducted through
CCHN, yet more questions within the CCHN dataset can be explored. For example, the
association between breastfeeding and allostatic load in this cohort has only been
explored in one study,81 but the analysis did not control for important confounders nor
adequately addressed how duration of breastfeeding is related to allostatic load.
Breastfeeding research has established a strong foundation of evidence about the
health benefits of breastfeeding for mothers and children. In addition, research has
uncovered many reasons why breastfeeding rates are low overall and lowest for Black
women, including systemic discrimination that limits access to lactation support services,
cultural stigma due to historical contexts of wet nursing among enslaved women, limited

54

family and social support, the need to return to work, and non-supportive work
environments.71,124,129–132,135 While research suggests a greater burden of stress among
minority groups in the U.S., little is known about the mechanism of how breastfeeding
interacts with chronic stress to protect mothers and children from adverse health. In
addition, research has not fully explored the way breastfeeding interacts with stressors
(e.g., racism, neighborhood deprivation) that are particularly salient among racial/ethnic
minority groups.
Most studies of stress and its relationship to perinatal health examine single
stressor variables (e.g., financial stress, interpersonal violence). However, since
experiences of stress can manifest in a multitude of ways and contexts, occur over short
or long term, and occur recently or in early life, single indicators of stress exposure alone
cannot comprehensively capture the range of stress impacting perinatal health. The
prevailing forms of stress also differ by race/ethnicity, SES, and other characteristics,
which underscores the importance of investigating and deciphering the forms of stressors
that are most salient for marginalized groups with poorer health outcomes (e.g., racism,
neighborhood deprivation) and including them along with other indicators of stress
exposure within a single study to capture the broad range of experiences.
There are several strengths of using CCHN data for studying the ways stress
impacts perinatal health. CCHN measured more than 10 indicators of stress experienced
by mothers and fathers, including chronic (e.g., discrimination) and acute (e.g.,
pregnancy stress) measures in different contexts (e.g., neighborhood, family), which
allows for a more comprehensive view of stress. Most indicators were measured at
multiple time points, allowing for the tracking of patterns over time and confirming of
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repeated stress experiences. In addition, stress measures were chosen through a
community-academic partnership following CBPR principles, which involved 2 years of
community conversations in developing and agreeing on the measures and questions used
in the questionnaires.5 Using the CBPR process allowed for the CCHN data to more
accurately reflect the realities of stress experienced in the communities. Furthermore,
CCHN researchers did not just seek out challenges faced in communities but inquired
about the strengths and factors contributing to resilience.5 This process allowed for
important validation of the assets and strengths within the community. Having data on
resiliency alongside stress provides an opportunity for researchers to explore the
relationship between stress and health, and examine the protective nature of resilience.
Most studies that explore the relationship between stress and perinatal health do
not incorporate resilience variables in their models. However, resiliency (i.e., the capacity
to cope and adapt) may be an important explanation for why women respond differently
to similar stressful situations and why certain women who experience high levels of
stress and who are exposed to various risk factors do not have adverse health
consequences. We posit breastfeeding a behavior that reflects resiliency in face of the
oppression and discouragement that mothers feel. Emerging evidence suggests the
relationship between experiences of stress and breastfeeding is sometimes contrary to
expectations, such that stress is associated with higher rates of breastfeeding. For
example, a study of the relationship between experiences of racism and breastfeeding
found that Black mothers who experienced stressful encounters with the police were
more likely to breastfeed and to breastfeed for longer durations. In addition, some studies
have found that women who experience greater intimate partner violence are more likely
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to breastfeed.149 These studies suggest that mothers who experience violence or who are
exposed to other types of stressors may feel more motivated to adopt healthy behaviors,
and they may feel an increased need to protect and prioritize care and bonding with
infants through breastfeeding. Furthermore, resilience may be learned and passed down
through generations. Overall, research is still in its infancy in terms of understanding
sources of resiliency that buffer stress and that improve health in the perinatal period.
Incorporating resiliency variables in models of stress is important in expanding our
knowledge of the impact of these resilience variables as well as in isolating the effects of
stress.
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CHAPTER 3
PURPOSE OF THE STUDY

3.1 Theoretical Foundations
The life course theory17,77 and the ecosocial theory of disease distribution197
provide the theoretical foundations of this dissertation. Both theories suggest that social
inequalities in health are the consequence of differences in intergenerational and lifetime
accumulation of risk, stress, or hazard exposure, interacting simultaneously with
susceptibility and resistance. Both theories also acknowledge that socioeconomic status
and race/ethnicity are factors that contribute to differential exposure to stressors across
the life course. The life course theory combines understandings of early programming
and cumulative pathways models, acknowledging that the health of future generations is
not only impacted by maternal lifetime exposures to risk and protective factors, but also
by what mothers were exposed to back when they were in utero and in infancy.
Furthermore, maternal health status during the perinatal period, a critical period, impacts
fetal programming and infant health which determines the future health of that child. The
ecosocial theory describes our embodiment of lifetime and intergenerational exposures to
risk and resilience factors in our biology and expressions of health, emphasizing the role
of racism, discrimination, and other forms of oppression in creating power hierarchies
that put greater burden on those with less power and fewer resources, which drives social
inequalities in disease distributions. Furthermore, these theories recognize that stress and
resiliency manifest in many ways, and it is important to move beyond examining these
variables through single indicators and as experiences that are generated solely at the
individual level, but to expand to examining stress and resiliency through multiple
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indicators and that reflect the ways that they are generated through multiple levels of
society (e.g., institutional, community, interpersonal) and experienced at different times
in life.
Our research on breastfeeding expands knowledge of protective factors that build
resilience and resistance to disease, supporting interventions to improve the health of
African American/Black families who in the U.S. suffer the pervasive burden of maternal
and child health inequities. Breastfeeding’s potential to intervene in the chronic stress
pathway can improve the trajectory of health for future generations, and reduce
population gaps in health, especially for African American families who are particularly
vulnerable to overrepresentation in infant mortality and maternal morbidity and mortality.

3.2 Conceptual Framework
We plan to expand understanding of maternal postpartum health to include
allostatic load and the influence of various stressors and resiliency factors. Allostatic load
is an established indicator of chronic stress that is predictive of future morbidity and
mortality, and that mirrors racial/ethnic health disparities. Prior research in the field of
maternal and child health suggests that Black women and those with low SES have
greater exposure to stressors, contributing to racial/ethnic maternal and child health
inequities. We examine the potential for breastfeeding to attenuate the effects of chronic
stress on postpartum allostatic load and thereby reduce racial/ethnic health disparities
(Aim 1). In addition, we explore characteristics of resiliency that enable mothers to
maintain breastfeeding for a longer duration, despite being at risk for not breastfeeding or
early cessation of breastfeeding (Aim 2). Finally, we take a deeper dive in interrogating
the relationship between neighborhood deprivation and breastfeeding duration and
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examine whether women who live in more deprived neighborhoods are more likely to be
given formula to feed their infants in hospitals, which in turn causes them to breastfeed
for a shorter duration (Aim 3). (Figure 3.1)
Several forms of stressors are examined, including neighborhood deprivation,
experiences of discrimination, pregnancy stress, perceived stress, food insecurity,
interpersonal violence, and stressful life events. In addition, several resiliency factors are
examined, including maternal optimism, spirituality, social support, mastery, collective
efficacy, and community cohesion, as well as sources of resiliency that are specific to
breastfeeding, including maternal history of breastfeeding, receiving positive
breastfeeding influence, and having a belief that breastfeeding is best. These forms of
stressors and resiliency factors were chosen for several reasons. Most importantly, CCHN
identified these variables through a CBPR process of discussing with community
members about the types of stressors and resiliency factors that are most prevalent and
impactful in their communities, and then agreeing on measures that most accurately
capture their experiences, using questions that community members would understand
and respond to.5,10 To maintain the prospective nature of our analyses, we incorporated
only stressors and resiliency factors that were measured before or at the same time as
breastfeeding duration was measured, and that reflected experiences occurring before or
in tandem with breastfeeding, excluding variables that were measured later in the
postpartum period. In addition, all chosen stressor and resiliency variables were
conceptually relevant and sound, with prior research pointing to potential associations
with breastfeeding and with postpartum health. Furthermore, the collection of stressor
and resiliency variables reflects experiences in different social domains (i.e., institution,
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neighborhood, community, family) capturing a range of experiences relevant to Black
and Latina women and women with low income.

Figure 3.1 Conceptual Framework for Study Aims

3.3 Aims and Hypotheses
3.3.1 Aim 1 and Hypotheses
Aim 1.1 Evaluate the relationship between breastfeeding duration and maternal
allostatic load at six and twelve months postpartum
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Hypothesis 1.1 There will be an inverse relationship between breastfeeding and
postpartum allostatic load, such that mothers who breastfed and who breastfed for longer
duration will have lower allostatic load at both time points, compared to mothers who
didn’t breastfeed and who breastfed for shorter periods.
Aim 1.2 Evaluate differences in associations by race/ethnicity (i.e., Black, Latina,
White)
Hypothesis 1.2 Disparities in allostatic load across racial/ethnic groups will be
less severe among women who breastfed for longer duration.

3.3.2 Aim 1 Significance and Innovation
Research on the relationship between breastfeeding and allostatic load is scarce.
Our research brings new understanding of the prospective relationship between
breastfeeding duration and allostatic load, and the health-protective benefits of
breastfeeding as it relates to multiple body systems and chronic stress. Our consideration
of racial/ethnic health disparities in the postpartum period and breastfeeding’s role in
narrowing the gap will support efforts to reduce disparities and improve maternal and
child health.

3.3.3 Aim 2 and Hypotheses
Aim 2.1 Identify and characterize positive deviants who breastfed for longer
duration (i.e., ≥ 3 months) in a sample identified as being high risk for not breastfeeding
for longer duration, and explore key factors that enabled positive deviants to breastfeed
Hypothesis 2.1 Positive deviants who breastfed for longer duration will show
higher levels of resiliency (e.g., self-esteem, mastery), will have greater support for
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breastfeeding (e.g., from family, friends, healthcare providers), and will be more likely to
believe that breastfeeding is the best method of feeding.
Aim 2.2 Evaluate differences in factors enabling breastfeeding by race/ethnicity
of positive deviants
Hypothesis 2.2 The factors enabling breastfeeding may differ by race/ethnicity of
positive deviants. Among African American mothers, there may be greater differences
between positive deviants and non-positive deviants in levels of resiliency and
breastfeeding support, compared to White and Latina mothers.

3.3.4 Aim 2 Significance and Innovation
The positive deviance approach allows researchers to acknowledge and honor the
strengths and assets of individuals and communities, who achieve positive health
behaviors or outcomes despite the challenges and risks they confront. The positive
deviance approach also informs intervention design, allowing researchers to identify
strategies and facilitators of positive health outcomes that are achievable and appropriate
in local contexts and among high-risk populations.
Few studies have applied a positive deviance approach to understand
characteristics of women who breastfeed despite being at high risk for not breastfeeding.
Almost all the studies applying a positive deviance approach have used qualitative
methods and were limited by a small sample size. Only one study179 used quantitative
methods with a larger sample, but this study was limited to a sample of mothers in
Louisiana, examined only breastfeeding initiation (not duration) as the positive deviant
behavior, and did not explore important resiliency factors that may have facilitated
breastfeeding. Our study expands understanding of breastfeeding positive deviants by
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examining a wider population of mothers from different parts of the U.S., investigating ≥
3 months breastfeeding duration as the positive deviant behavior, and exploring important
resiliency factors that may have enabled the longer duration of breastfeeding, such as
self-esteem, sense of mastery, and optimism, along with known facilitators of
breastfeeding, such as breastfeeding support, family history of breastfeeding, and belief
that breastfeeding is the ideal form of feeding. Furthermore, examining characteristics of
positive deviants across different race/ethnicity groups provides insights on strengths,
assets, and resiliency factors that may be uniquely supportive of racial/ethnic groups,
which informs the design of culturally relevant interventions that are accessible to those
at high risk of not breastfeeding.

3.3.5 Aim 3 and Hypotheses
Aim 3 Investigate if hospital formula use mediates the association between
neighborhood deprivation and breastfeeding duration when applying two neighborhood
deprivation indices
Hypothesis 3.1 Mothers living in neighborhoods characterized by higher
deprivation will be more likely to use formula in hospitals and less likely to breastfeed
for longer duration, compared to mothers living in neighborhoods with lower deprivation.
Hypothesis 3.2 The mediation effect will be stronger when modeling with the
neighborhood deprivation index that specifically captures neighborhoods with high
proportion of Black residents compared to the other index that captures neighborhoods
with high proportion of Hispanic residents.
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3.3.6 Aim 3 Significance and Innovation
Our research builds on emerging research suggesting that neighborhood
deprivation is a risk factor for breastfeeding initiation and duration.111,115,116 This is the
first study to test a hospital-based practice as a mediator of the relationship between
neighborhood deprivation and breastfeeding, which brings focus to the potential
inequities of hospital practices. By applying previously developed neighborhood
deprivation indices for the CCHN cohort,96 this study expands our understanding of the
influence of neighborhood factors on postpartum health in the CCHN cohort.
Furthermore, our implementation of novel analytical methods for the mediation analysis
and the expanded use of unique indices of neighborhood deprivation will add innovation.
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CHAPTER 4
MATERIALS AND METHODS

4.1 Study Design
We will use a prospective cohort design for studying all aims, using secondary
data generated by the Community and Child Health Network (CCHN). CCHN was a
multi-site prospective cohort study that recruited 2510 mothers between 2008 and 2010 at
the birth of their child at hospitals, and followed them for 2 years at multiple time points
(1, 6, 12, and 24 months postpartum).5,79 Data on fathers or partners were also collected
at these time points. Mothers who became pregnant during the follow up period were
followed through their second pregnancy and birth to approximately 3 months
postpartum.5,79
CCHN designed their research instruments through close collaboration between
community representatives and academic researchers, implementing principles of
Community Based Participatory Research (CBPR).5,10 In brief, the CBPR principles
followed by CCHN include the following: 1) recognizing the community formally at all
stages of research, 2) identifying community strengths and resources, 3) promoting colearning for the mutual benefit of all partners, 4) considering ecological contexts that
contribute to health including positive aspects providing strength and resilience, 5)
supporting transparency, resource-sharing, and long-term commitments in partnerships,
6) rapidly disseminating findings and knowledge gained to all partners.10
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4.2 Study Population
CCHN study sites included catchment areas in Baltimore, MD, Lake County, IL
(suburb of Chicago), 7 rural North Carolina counties, Los Angeles County, CA, and
Washington D.C., spanning urban, suburban, and rural areas, with sufficient diversity to
allow for analyses of racial/ethnic disparities and socioeconomic gradients. 5,10,79 Mothers
were eligible to participate in the CCHN study if they 1) were 18-40 years-old, 2) selfidentified as “Black or African American”, “Hispanic or Latina”, and/or “White”, 3)
resided in the study catchment area for at least 6 months, 4) gave birth to a live child of
≥20 weeks gestational age who was third or lower in birth order, 5) were not incarcerated
and able to participate in the study in a home, community, or clinical setting, 6) did not
plan to be surgically sterilized in the hospital following delivery, and 7) were able to fully
understand requirements of the study in English or Spanish.5,79

4.3 Measurement of Key Variables
Data for most of our variables (e.g., breastfeeding, race/ethnicity, stressor
variables, resiliency variables) were self-reported and collected via intervieweradministered questionnaires, and data for allostatic load were collected through clinical
and biological measures. In addition, hospital charts were used for identifying maternal
age, parity, delivery method, pre-pregnancy BMI, and hospital use of formula. The U.S.
Census was the data source for characterizing participant neighborhoods. Our study
includes data collected at various time points, including time of birth, 1 month, 6 months,
and 12 months postpartum. Following a prospective cohort design, data on exposure
variables (e.g., breastfeeding for Aim 1, stress and resiliency variables for Aim 2,
neighborhood deprivation for Aim 3) were collected prior to our outcome variables, with

67

the exception of chronic life stress and a few resiliency variables (for Aim 2) that were
collected at the same time as 6-month breastfeeding data.

4.3.1 Stressor Variables
Ten main stressor variables are applied in our analyses: neighborhood
deprivation, 2 discrimination variables, pregnancy stress, perceived stress, food
insecurity, interpersonal violence, financial strain, stressful life experiences, and chronic
life stress. Neighborhood deprivation was based on objective neighborhood census data.
All other variable measures were self-reported and collected via interviewer-administered
questionnaires at 1 month postpartum.

4.3.1.1 Assessment of neighborhood deprivation
Data on neighborhood deprivation was obtained through partnership with Dr.
O’Campo, who had already linked neighborhood census data to participant census tracts
and derived two neighborhood indices through principal component analyses.79,96 Our
study uses continuous index values linked to each participant, reflecting the degree of
neighborhood deprivation based on the two indices.
The two deprivation indices developed for the CCHN cohort accounted for 67.5%
of the total variance of neighborhood characteristics examined.96 The first deprivation
index (DI-1) represented areas with high proportion of Hispanic and foreign-born
residents, and residents ≥25 years who did not complete high school, who live in crowded
housing with more than 1 person per room, and in households paying >30% of their
income on housing. The second deprivation index (DI-2) represented areas with high
proportion of Black residents, single mothers with children < 18 years old, and
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unemployed adults aged 22-44 years. The study reported positive and inverse
associations between DI-1 and adverse health, with the most deprived quartile of DI-1
associated with higher risk of central obesity and HDL cholesterol levels, but lower risk
of systolic and diastolic blood pressure compared to the least deprived quartile. On the
other hand, DI-2 was more consistently associated with adverse health, with more
deprived quartiles of DI-2 associated with higher risk of obesity, glycosylated
hemoglobin levels, composite risk scores, and life-long financial stress.96
A separate study applying the two neighborhood deprivation indices with CCHN
data found that DI-2, but not DI-1, significantly contributed to racial/ethnic differences in
postpartum allostatic load.79

4.3.1.2 Assessment of experiences of discrimination
Two variables of discrimination were examined via questionnaires: everyday
experiences of discrimination, and major experiences of discrimination. Everyday
experiences of discrimination were measured using an expanded version of the Everyday
Discrimination Scale (EDS) designed to reflect chronic exposure to discrimination. 198,199
An adapted version of the Major Experiences of Discrimination Scale (MEDS), designed
to reflect acute exposure to discrimination,199 was used for the other measure of
discrimination. Both measures of discrimination have been used widely in population
studies assessing the relationship between discrimination and health.200–202
The EDS asks about the frequency of exposure to ten instances of everyday
discrimination on a six-point scale ranging from “never” to “almost every day”.199
Examples of instances of everyday discrimination include being treated with less
courtesy than others, receiving poorer service than others in restaurants and stores, and
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being followed around in stores. Answers to each question on the six-item scale are
assigned a score of 0 to 4, with higher points indicating higher frequency of exposure.
Those who answered “never” and “less than once a year” were combined and given a
score of 0. Answers to ten questions were summed for an overall score (range 0-40
points). CCHN personnel have corrected for missing data through partial imputation for
those with responses to at least 7 questions, by multiplying the score by a factor of 10/k
where k is the number of responses.203 Scores are set to missing for those who provided 6
or less responses. For our analysis, we use a continuous score, with higher scores
representing higher exposure to discrimination.
The MEDS asks six questions about unfair treatment over one’s lifetime in six
domains: employment, interactions with the police, education, housing, applying for a
bank loan, and healthcare.199 Each question has a follow up question asking about the
frequency of the unfair treatment over one’s lifetime, with space on the questionnaire for
the interviewer to write in the number of times.199 Each instance of unfair treatment was
counted as one experience of acute discrimination, and instances were summed for an
overall score (range 0-6).199 Missing data for participants who responded to at least 4
questions was corrected through partial imputation, by multiplying the score by a factor
of 6/k where k is the number of responses.203
The EDS was tested by CCHN researchers and found to have good internal
consistency when scored for any unfair treatment regardless of attribution, with
Cronbach’s α = .89 for mothers in English, and α = .88 for mothers in Spanish.5 In a
separate validation study, EDS and MEDS were compared to the Experiences of
Discrimination measure developed by Krieger and colleagues.200 EDS was found to have

70

Cronbach’s α = 0.88 for African Americans and α = 0.88 for Latinos, and MEDS was
found to have α = 0.71 for African Americans and α = 0.52 for Latinos.200

4.3.1.3 Assessment of pregnancy stress
CCHN measured pregnancy stress through 10 questions from a standardized
scale204 asking mothers about the extent that various scenarios were stressful during
pregnancy (e.g., worries about food, shelter, housing, transportation; worries about
money; family problems; work problems; pregnancy itself), with response options
ranging on a 1-4 scale from “no stress” to “severe stress”. We calculated a total score for
each participant (range 10-40). Corrections for missing data was completed through
partial imputation for participants who responded to at least 7 questions.203 Scores for
those who provided 6 or less responses were set to missing. The pregnancy stress
measure was found to have Cronbach’s α = 0.76 in English and α = 0.75 in Spanish.5

4.3.1.4 Assessment of perceived stress
CCHN measured perceived stress using the validated Perceived Stress Scale,
composed of 10 question asking broad questions about the frequency of feelings of stress
since childbirth (e.g., upset about something that happened unexpectedly, unable to
control important things, felt nervous or stressed).205,206 Participants responded on a 5point scale ranging from “never” to “almost always”. We created a score of 0-4 for each
question, with higher numbers representing more stress, and add up scores for 10
questions for a total score of 0-40. Partial imputation was completed for those who
provided at least 7 responses, by multiplying the score by a factor of 10/k where k is the
number of responses.203
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Dunkel Schetter et al.5 indicated that this measure of stress was most strongly
associated with the other stress measures, and thus could broadly reflect maternal
experiences of stress. The measure was tested and found to have good internal
consistency, with Cronbach α = of 0.83 for mothers answering in English or Spanish.5

4.3.1.5 Assessment of food insecurity
CCHN measured food insecurity through two questions. The first question asked
mothers to indicate the frequency of the following experience in their household in the
last 12 months: “The food that (I/we) bought just didn’t last, and (I/we) didn’t have
money to get more.” Mothers responded with options of “often true”, “sometimes true”,
“never true”, “don’t know”, or “refuse”. The second question asked mothers, “In the last
12 months, were you ever hungry but didn’t eat because you couldn’t afford enough
food?” Mothers answered “Yes”, “No”, “don’t know”, or “refuse”. Mothers’ food
insecurity status was dichotomized (Yes/No). Mothers were considered to experience
food insecurity (Yes) if they answered as “often true” or “sometimes true” to the first
question, or “Yes” to the second question. Mothers who responded as “don’t know” or
“refuse” will be set to missing.

4.3.1.6 Assessment of interpersonal violence
CCHN used the Hurt, Insult, Threaten, Scream (HITS) screening tool to measure
interpersonal violence, which includes five questions asking mothers the frequency their
partner/spouse or anyone in the household physically hurts them, insults or talks down to
them, threatens them, screams or curses at them, and restricts their actions. Mothers
responded on a 5-point scale from “never” to “frequently” for each question. Responses
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for these questions were summed to create a final score ranging from 5 to 25, with higher
scores reflecting greater interpersonal violence. Partial imputation was used to correct
missing data for those who responded to at least 3 questions, by multiplying the score by
a factor of 5/k where k is the number of responses.203
Previous psychometric testing has found the HITS tool to have Cronbach’s α =
0.61 to 0.80.158,207 CCHN testing of the tool found Cronbach’s α = 0.74 for mothers
responding in English and Spanish.5

4.3.1.7 Assessment of financial strain
The financial strain measure included five questions: 1) “Do you think you (your
family) are better off financially, about the same, or worse off now, than you were 10
years ago?” 2) “How difficult is it for (you/your household) to meet the monthly
payments on your (household’s) bills?” 3) “How much do you worry that your total
(household) income will not be enough to meet your (household's) expenses and bills?”
4) “Please tell me whether this statement was often, sometimes, or never true for you or
the other members of your household in the last 12 months. ‘The food that (I/we) bought
just didn't last, and (I/we) didn't have money to get more.’” 5) In the last 12 months, were
you ever hungry but didn't eat because you couldn't afford enough food? Each question
had different response options that will be scaled accordingly so that each question is
equally worth one point. Scores from the five questions were summed, with range of 0-5,
with higher points indicating higher financial strain. Partial imputation was done to
correct missing data for those who provided at least 3 responses, by multiplying the score
by a factor of 5/k where k is the number of responses.203
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CCHN tested internal consistency for this financial strain measure and found it to
have a Cronbach α = 0.69 for mothers responding in English and 0.68 for mothers
responding in Spanish.5

4.3.1.8 Assessment of stressful life events
CCHN captured stressful life events through 25 questions asking about events that
happened in the past year to the respondent or someone close to the respondent, such as
the death of someone close, natural disasters, medical issues, separation or divorce, issues
with drugs or alcohol, incarceration, extra pressure at school and work. These questions
were adapted from measures used in previous studies208–210 that were linked with adverse
birth outcomes, chronic disease onset, and psychiatric disorders.5 Mothers answered
“Yes” or “No” to each question. We assigned one point for each “Yes” response and sum
up the points for each respondent (range 0-25 points). Partial imputation was completed
for those who provided at least 17 responses, by multiplying the score by a factor of 24/k
where k is the number of responses.203

4.3.1.9 Assessment of chronic life stress
CCHN collected data on chronic life stress at 6 months postpartum. This measure
was based on 6 questions reflecting 4 domains: neighborhood environment, family
relationships, partner relationships, and co-parenting experience. For each question, there
were 5 Likert scale response options, and final scores reflected an average of domains
and ranged from 1-5, with higher numbers representing greater life stress. Partial
imputation was applied to participants with ≥3 responses by multiplying the score by a
factor of 4/k.203
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4.3.1.10 Assessment of composite stress
We created a composite stress score following methods previously implemented
by O’Campo et al.79 We established quartiles for each of 7 stressor variables: everyday
experiences of discrimination, pregnancy stress, interpersonal violence, perceived stress,
stressful life events, chronic life stress, and financial stress. Participants were given 1
point for each variable if they fell in the upper quartile and scores were summed across 7
measured stress variables to obtain a composite stress score for each participant (range 0
to 7), with higher scores representing exposure to greater numbers of stressors.

4.3.2 Resiliency Variables
Resiliency is the capacity to cope with challenging experiences and to resist and
recover from harmful effects. We explored several resiliency variables for Aim 2,
including self-esteem, sense of mastery, perceived social support, optimism, collective
efficacy, community cohesion, and spirituality. All variables were self-reported and
collected via interviewer-administered questionnaires at 1 or 6 months postpartum.

4.3.2.1 Assessment of perceived social support
CCHN measured perceived social support at 1 month postpartum using the
Medical Outcomes Study (MOS) Social Support Survey,211 a validated 19-item measure
of perceived social support across multiple dimensions, including emotional support,
tangible support, affectionate support, and positive social interaction. Mothers were asked
to respond to the statement and lead question: “People sometimes look to others for
companionship, assistance, or other types of support. How often is each of the following
kinds of support available to you if you need it?” The question was followed by 19 items,

75

including the following examples: “Someone to give you good advice about a crisis;”
“Someone who shows you love and affection;” “Someone to prepare your meals if you
were unable to do it yourself.” Mothers were asked to respond on a 5-point scale from
“None of the time” to “All of the time”. We averaged scores for each participant (range
1-5 points) and transformed scores into a 100-point scale to facilitate comparison with
prior publications. Partial imputation was completed by CCHN personnel to correct those
with some missing data when the number of missing values was not greater than
designated thresholds.212

4.3.2.2 Assessment of self-esteem
Self-esteem was measured at 1 month postpartum through responses to 6
statements that were modified from the 10-item Rosenberg Self-Esteem Scale.213 Mothers
were asked to reflect on their general feelings about themselves and to report their level
of agreement on a 5-point scale from “strongly disagree” to “strongly agree” with
statements such as, “I feel that I’m a person of worth, at least on an equal basis with
others,” and “I take a positive attitude toward myself.” Two questions were reverse coded
so that higher scores consistently indicate higher self-esteem. Scores were summed with a
possible total score range of 6 to 30. CCHN personnel corrected missing values for
participants with ≥4 responses through multiple imputation, but scores for respondents
who provided ≤3 responses were set to missing.

4.3.2.3 Assessment of mastery
Sense of mastery was measured at 1 month postpartum using a slightly modified
7-item Mastery Scale,214 which was embedded with the 6-item self-esteem statements.
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Similar to the self-esteem measure, mothers were asked to reflect on their general
feelings about themselves and report their agreement with 7 statements on a 5-point scale
from “strongly disagree” to “strongly agree”. Examples of statements in this measure
include: “I often feel helpless in dealing with the problems of life”, and “There is no way
I can solve some of the problems I have.” Negative statements such as these will be
reverse coded so that higher scores indicate greater sense of mastery. Scores were
summed with a possible total score range of 7 to 35. CCHN personnel corrected for
missing values through multiple imputation for participants who responded to at least 5
statements, and scores for respondents who provided ≤4 responses were set to missing.

4.3.2.4 Assessment of optimism
Optimism was measured at 6 months postpartum using the 8-item Life
Orientation Test.215 Mothers responded to 8 statements for this measure on a 5-point scale
from “I agree a lot” to “I disagree a lot”. Examples of statements include “In uncertain
times, I usually expect the best,” and “I hardly ever expect things to go my way.” All
positively worded questions were reverse coded so that higher scores indicate higher
levels of optimism. Scores from all 8 items will be summed to create a final score with
range of 8 to 40. CCHN personnel corrected missing values through multiple imputation
for participants with at least 6 responses, and scores for those who provided ≤5 responses
were set to missing.

4.3.2.5 Assessment of collective efficacy
Maternal sense of collective efficacy in their neighborhoods, or sense that their
neighbors have the capacity and cohesion to support each other and regulate each other
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according to shared principles, was measured at 1 month postpartum with a 10-item scale
developed by Sampson et al.216 Mothers were asked to respond on a 5-point scale, from
“strongly disagree” to “strongly agree”, to 10 statements. The following are some
examples of these statements: “If there is a problem around here, the neighbors get
together to deal with it”; “This is a close knit neighborhood”; “When you get right down
to it, no one in this neighborhood cares much about what happens to me”. Negatively
worded questions were reverse coded so that higher scores correspond with greater sense
of collective efficacy, and scores were summed for a total range of 10 to 50. CCHN
personnel corrected missing data for those with at least 7 responses through partial
imputation, by multiplying the score by a factor of 10/k where k is the number of
responses.212 Scores were set to missing for those with 6 or less responses.

4.3.2.6 Assessment of community cohesion
Maternal sense of community cohesion was measured at 1 month postpartum
through 13 items from the Sense of Community Index.217 Mothers were asked to report
how they felt about their neighborhood by responding to statements on a 5-point scale
from “I agree a lot” to “I disagree a lot”. Some examples of statements include: “I think
my neighborhood is a good place for me to live”; “Very few of my neighbors know me”;
“If there is a problem in this neighborhood people who live here can get it solved”. All
positively worded questions were reverse coded so that higher scores reflect greater sense
of community cohesion. Scores from responses to 13 questions were summed for a total
score range of 13 to 65. Responses of “Don’t know” or “Refused” were set to missing.
CCHN personnel conducted partial imputation to devise scores for mothers who provided
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at least 9 responses, by multiplying the score by a factor of 13/k where k is the number
of.212 The measure was set to missing for those who responded to 8 or fewer statements.

4.3.2.7 Assessment of spirituality/religiosity
CCHN adapted a measure for spirituality/religiosity based on standard measures
from Fetzer Multidimensional Measurement of Religiousness/Spirituality for Use in
Health Research (MMRS).218 Our assessment of spirituality/religiosity was based on
mother’s responses to 4 questions at 6 months postpartum: 1) “To what extent do you
find strength and comfort in your religion?” 2) “To what extent do you consider yourself
a spiritual person?” 3) “To what extent do you feel deep inner peace or harmony” 4) “To
what extent would you say you experience a divine presence in your life?” The second
question was based on a 4-point scale, but all others were based on 6-point scales. Scores
for each question will be coded so that a higher score represents greater
spirituality/religiosity. We used the sum of standardized z-scores for the 4 questions to
create a total score.

4.3.2.8 Assessment of composite resiliency
We created a composite resiliency score following methods previously
implemented by O’Campo et al.79 We established quartiles for each of the resiliency
variables, and assigned a score of “1” to participants who fell in the upper quartile and
“0” to participants who fell in the lower three quartiles. Scores were summed across
seven measured resiliency variables to obtain a composite resiliency score for each
participant. The total score range was 0 to 7, with higher scores representing higher levels
of resiliency.
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4.3.3 Breastfeeding Variables
4.3.3.1 Assessment of breastfeeding initiation
Breastfeeding initiation was assessed using self-reported data collected via an
interviewer-administered questionnaire at one month postpartum. Mothers answered
“Yes” or “No” to the question: “Have you ever breastfed [Baby]?” Based on responses,
mothers’ breastfeeding initiation status were dichotomized.
Similar self-reported breastfeeding initiation data has been shown to have high
validity and reliability when compared to birth certificate data. In the multistate
Pregnancy Risk Assessment Monitoring System, self-reported breastfeeding initiation
data collected from non-Hispanic Black, Hispanic, and non-Hispanic White mothers
between 2-6 months postpartum, was found to have kappa coefficient of 0.72 for
reliability, and a sensitivity of 94.3% and specificity of 76.0% for validity.219

4.3.3.2 Assessment of breastfeeding duration
Breastfeeding duration was assessed using data collected via intervieweradministered questionnaires at two time points—one month and six months postpartum.
At both time points, mothers were asked if they were still breastfeeding. If mothers
already stopped breastfeeding at one month postpartum, they were asked, “How old was
[Baby] when you stopped breastfeeding?” Answers to this question were recorded as
number of days. At six months postpartum, if mothers answered that they had stopped
breastfeeding but did breastfeed, they were asked, “For how long?” Answers were
recorded as number of weeks and months. For our analyses, we examined breastfeeding
duration as categorical and continuous values. Mothers were categorized based on
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breastfeeding duration of < 1 month, 1 to ≤ 3 months, or > 3 to < 6 months, and ≥ 6
months. For continuous values, all breastfeeding duration data was converted to the unit
of weeks.
A review of validity and reliability of self-reported breastfeeding duration data
found good accuracy overall and greatest accuracy when breastfeeding duration was
recalled within three years, with reliability coefficients at 0.86 and 0.91.220 In one study,
88% of mothers reported breastfeeding duration within one month accuracy when
maternal recall data at six months postpartum was compared to 24-hour diet records
collected by mothers every eight days.221 In another study, when compared to infant
medical records, 79% of mothers reported breastfeeding duration data within one month
accuracy, and 95% reported within two months accuracy.222

4.3.3.3 Assessment of maternal breastfeeding history
Maternal breastfeeding history was self-reported at 6 months postpartum.
Questionnaires asked mothers, “Were you breastfed as an infant?” Mothers answered
“Yes”, “No”, or “I don’t know”. Mothers’ answers will be dichotomized (Yes/No), and
those who answered “I don’t know” will be considered missing. History of breastfeeding
other children was self-reported via the question, “If you have other children, did you
breastfeed them for any time at all?” Mothers will be categorized based on their answers
“Yes”, “No”, or “No other children”.

4.3.3.4 Assessment of breastfeeding influence/support
We assessed breastfeeding influence/support through one multi-part question at 6
months postpartum. Mothers were asked to first report the people who influenced their
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infant feeding practices by responding with “Yes” or “No” to a list of people, including
“baby’s father,” “current partner (if not baby’s father),” “mother or woman who raised
you,” “woman who raised your baby’s father,” “other relative,” “health professional(s),”
“friend(s)”. If mothers answered “Yes” to any person, they were then asked to report
whether they were “supportive of breastfeeding,” “neutral,” or “not supportive of
breastfeeding.” Mothers were assigned 1 point for each of 7 people/groups who
influenced their infant feeding and who was “supportive of breastfeeding”. Points were
summed to create an overall score (0-7) reflecting the number of people/groups who gave
them positive breastfeeding support.

4.3.3.5 Assessment of breastfeeding belief
Maternal breastfeeding knowledge/attitudes was assessed through one question at
6 months postpartum. Mothers were asked to respond to the question: “Families have
many different situations and there are many different ways to feed a baby. Which of the
following statements is closest to your personal opinion?” Mothers were asked to
complete the sentence by choosing the best option: “The best way to feed a baby is…”
with the following options: “breastfeeding,” “a mix of breast and formula feeding,”
“formula feeding,” “either breastfeeding or formula feeding (they are equally good ways
to feed a baby),” “don’t know”.

4.3.3.6 Postpartum allostatic load
We followed prior CCHN study methods79,81 and based our allostatic load values
on ten biomarkers. There are two standard ways of calculating allostatic load: 1) Based
on empirical values, assigning a point to each individual biomarker that falls in the upper
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quartile of risk and sum the points for a cumulative score; 2) Based on clinical thresholds,
assigning a point to each individual biomarker that falls outside of the clinical threshold
and sum the points for a cumulative score. Since prior studies of CCHN data have found
no major differences by race, ethnicity, or poverty between the two scoring methods,79,81
we used the clinical threshold approach to increase the clinical relevance of our study.
The ten biomarkers and their clinical thresholds indicating health risk are as
follows: Body Mass Index (BMI), ≥30 kg/m2; Waist Hip Ratio (WHR), ≥0.85; systolic
blood pressure (SBP), ≥125 mmHg; diastolic blood pressure (DBP), ≥80 mmHg; pulse,
≥100 beats per minute; HS-CRP, ≥3 mg/L; HbA1c, ≥5.4%; high density lipoprotein
(HDL), ≤40 mg/dL; total cholesterol/HDL ratio, ≥5.9; and diurnal cortisol slope, ≥ −0.01.
For each participant, we assigned one point per biomarker that indicated high risk, and
summed the points (range 0-10) for an overall allostatic load score (with higher scores
indicating greater risk).

4.3.3.7 Covariates
Data on race/ethnicity was self-reported at the time of recruitment (i.e., around the
time of childbirth). After mothers self-reported to be “African American or Black”,
“White or Caucasian”, and/or “Latina or Hispanic” and deemed eligible to participate in
the study, mothers were asked to choose their primary racial identification, with the
options of “Black or African American”, “White”, or “Hispanic”, which we used to
categorize race/ethnicity. We used hospital chart reviews at the time of delivery to collect
the following covariate data: maternal age, parity, birth method (Cesarean vs. vaginal),
preterm birth, delivery of low birthweight infant, and hospital introduction of formula.
Data on household income, maternal education, marital status, smoking, return to work,
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nativity, co-resident father, co-resident grandparent, and WIC participation, were based
on self-reported data collected via interviewer-administered questionnaires at one month
postpartum, and additionally at six months postpartum for the variable representing return
to work.

4.4 Statistical Analysis
Details on the statistical analysis for each study are included in each study’s
associated methods section (Chapters 5, 6, 7). All analyses were performed using the
software STATA Version 17.0.223 Statistical significance was established if P<0.05 or if
confidence intervals did not cross 0 for linear regression or 1 for logistic regression.
All studies began with univariate and bivariate analyses to create descriptive
statistics for the samples. The choice of statistical test depended on the type of variables
examined (i.e., binary, multi-categorical, ordinal, continuous) and whether the data was
normally distributed. Bivariate tests included Chi Square, Analysis of Variance
(ANOVA), Kruskal-Wallis non-parametric one-way, Dunn test for paired comparisons,
Spearman Correlation, simple logistic regression, and simple linear regression.
Covariates were selected for final model inclusion based on a combination of
strategies including a-priori determination based on theoretical understandings and prior
research, augmented backward elimination, and significance of bivariate analyses. For all
studies, maternal race/ethnicity, age, and indicators of SES (i.e., maternal education, and
poverty status) were included in final models due to their established associations with
breastfeeding.
Statistical tests used for final models in each study varied and included multiple
linear regression (Study 1 & Study 3), multiple logistic regression (Study 2), structural

84

equation modeling (Study 3), and bootstrapping methods (Study 3). These tests were
chosen based on the nature of the primary independent and dependent variables (i.e.,
binary, multi-categorical, continuous), data distribution patterns, and the assumptions
needed for each test.
An analysis of missing data was conducted for all studies. When data was
considered missing at random, missing data were imputed through the pooling of
estimates from 10 imputations. Imputing missing data enabled us to examine the full
analytical sample rather than resort to complete case analysis through listwise deletion,
which is the default process for multivariate regression analyses in the STATA software.
Using multiple imputation and examining the full analytical samples reduces bias in
estimates.224

4.5 Power Calculations
Of the 2510 mothers in the CCHN cohort, analytical samples for our studies
varied from n=1090 to n=2109 (Table 4.1). Power calculations were conducted using
STATA’s power rsquared command for multiple regression models, which bases the
power analysis on an R2 test, which is a F test for the coefficient of determination (R2).
The power for each model was computed by indicating the sample size, the number of
tested variables (including dummy variables), the number of control variables (including
dummy variables), and the R2 or pseudo R2 for full and reduced models. The R2 values
for the full models reflected models with all covariates as well as the primary predictor
variable(s) (for Study 1 and Study 2) or mediator variable (for Study 3) while reduced
models excluded the primary predictor variable(s) or mediator variable. Results showed
that all studies retained >80% power to detect the associations or effects. (Table 4.1)
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Table 4.1 Power Calculations for Studies
Analytical
sample size
(n)

Study 1
Study 2
Study 3

1417
1090
2109

Number of
tested
dummy
variables
for
primary
predictor
3
1-3
1

Number of
control
variables
including
dummies

R2 for
reduced
model

R2 for
full
model

Power
(%)

15
22-24
20

0.314
0.31
0.28

0.321
0.32
0.39

91
93-98
100

4.6 Ethical Considerations and Human Subjects Protection
Research Ethic Boards at the institutions affiliated with the Principal Investigators
at each of the 5 CCHN participating study sites reviewed and approved the study
protocol. Ethics review personnel at the National Institute of Child Health and Human
Development’s Data and Specimen Hub Data approved our application for the use of deidentified secondary data generated by CCHN. In addition, the Institutional Review
Board at the University of Massachusetts Amherst reviewed the dissertation study
protocol and determined that no further ethical approval was needed due to the nature of
our secondary analyses.
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CHAPTER 5
BREASTFEEDING DURATION LOWERS ALLOSTATIC LOAD: A
PROTECTIVE MECHANISM FOR MATERNAL HEALTH
5.1 Introduction
Within the field of racial disparities in maternal and child health, there is growing
interest in using allostatic load, a multi-system indicator of chronic stress, to capture and
analyze the impact of accumulative stress on maternal and child health.10,17,78,79 Studies
have found higher allostatic load during the peripartum period among Black women
compared to White and Hispanic women,79,94 explained by socioeconomic disadvantage,
greater exposures to lifetime stress, and living in neighborhoods with fewer resources.79
Furthermore, women with higher allostatic load are more likely to experience
preeclampsia81 and have low birthweight infants.81,94 Understanding racial and ethnic
disparities in allostatic load during the peripartum period illuminates the impact of
differential exposures to chronic stress on maternal health and draws attention to
conditions surrounding fetal programming and infant development contributing to the
health of future generations.
The peripartum period presents a critical time for resetting health, when protective
factors such as breastfeeding can improve the trajectory of health for mothers and
children. Given the many demonstrated benefits of breastfeeding to women’s health,3
there is limited research on whether breastfeeding interacts with chronic stress (i.e.,
allostatic load) pathways to improve maternal health. Our previous study of women
within two years postpartum derived from the National Health and Nutrition Examination
Survey (NHANES) found a significant inverse relationship between concurrent
breastfeeding status and allostatic load.82 The current study is a secondary analysis of a
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prospective cohort aimed to address the limitations in our previous study, the inability to
determine temporal relationship and failure to capture breastfeeding duration. In this
study we use longitudinal data to examine the prospective relationship between
breastfeeding duration and allostatic load at 6 and 12 months postpartum. We
hypothesized longer duration of breastfeeding would be associated with lower allostatic
load at 6 and 12 months due to the long-term benefits of breastfeeding. In addition, we
aimed to examine associations between breastfeeding duration and allostatic load by
race/ethnicity, to better elucidate breastfeeding’s influence within the context of
racial/ethnic health inequities. We hypothesized an inverse relationship among all
racial/ethnic groups.

5.2 Methods
5.2.1 Study Design
This study is a secondary analysis of longitudinal data generated by the
Community and Child Health Network (CCHN). CCHN was a multi-site prospective
cohort study that recruited 2510 mothers between 2008 and 2010 around the birth of their
child at hospitals and clinics and followed them for two years (approximately 1, 6, 12,
and 24 months postpartum).5,79 CCHN research instruments were designed based on
principles of Community Based Participatory Research (CBPR) reflecting a close
collaboration between community representatives and academic researchers. 5,10 In
addition to conducting interviewer-administered questionnaires, researchers collected
clinical measures (i.e., weight, height, waist & hip circumference, blood pressure, pulse)
and biological samples including salivary (i.e., diurnal cortisol) and blood spot measures
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(i.e., high sensitive C-reactive protein (HS-CRP), hemoglobin A1c (HbA1c), high density
lipoprotein (HDL), low density lipoprotein (LDL), and total cholesterol). Our study used
data from hospital charts at the time of childbirth (T0), questionnaire data from one
month (T1) and six months (T2) postpartum, and biological data collected at six months
(T2) and twelve months (T3) postpartum. The review boards at each of the five CCHN
participating sites approved the study protocol.

5.2.2 Study Population
CCHN study sites included five catchment areas in urban (Baltimore, MD;
Washington, DC, Los Angeles County, CA), suburban (Lake County, IL), and rural areas
(seven counties in eastern North Carolina) with sufficient diversity to allow for analyses
of racial/ethnic disparities and socioeconomic gradients.5,10,79 Participating mothers were
18-40 years old, self-identified as “Black or African American”, “Hispanic or Latina”,
and/or “White”, and gave birth to a live child of ≥20 weeks gestational age who was third
or lower in birth order. Additional eligibility criteria are detailed in prior research
studies.5,79 Drawing from a total of 2510 participating mothers, our study sample included
1791 mothers with data on allostatic load at T2 or T3, and who did not become pregnant
during the first year postpartum since pregnancy could bias biomarker values.80

5.2.3 Assessment of breastfeeding duration:
Data on breastfeeding duration was self-reported via administered questionnaires
at 1 and 6 months postpartum. At both time points, participants were asked if they had
ever breastfed. If affirmative, participants were asked follow-up questions about current
breastfeeding status. Participants were categorized as “never breastfed” if they reported
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that they had never breastfed and “≥ 6 months” if they reported they were still
breastfeeding at 6 months. If mothers answered that they had breastfed but were not still
breastfeeding at the time of the survey, they provided information about the length of
time they had breastfed, and were accordingly categorized as breastfed “<1 month” or
“≥1 to <6 months”. The four breastfeeding duration categories were created to best
capture the distribution of data and to follow commonly reported thresholds of
breastfeeding.30,31

5.2.4 Assessment of Allostatic Load
Allostatic load was a composite measure of ten biomarkers derived from clinical
and biological data collected at 6 and 12 months postpartum. The clinical-threshold
method of calculating allostatic load79,81 was used to increase the clinical relevance of the
study. Following other analyses of CCHN data,79,81 we assigned one point for each of ten
biomarkers that exceeded the clinical risk threshold and summed them to create an
allostatic load index with range of 0-10 points. The following biomarkers and clinical
cutoffs were used: 1) BMI, ≥30 kg/m2; 2) waist/hip ratio, ≥ 0.85; 3) systolic blood
pressure, ≥125 mmHg; 4) diastolic blood pressure, ≥80 mmHg; 5) pulse, ≥100 beats per
minute; 6) HS-CRP, ≥3 mg/L; 7) HbA1c, ≥5.4%; 8) HDL, ≤ 40 mg/dL; 9) total
cholesterol/HDL ratio, ≥5.9; 10) diurnal cortisol slope, ≥-0.01.79

5.2.5 Assessment of Covariates
Data on race/ethnicity was self-reported at time of recruitment (T0) based on
mothers’ choice of primary racial/ethnic identification as “Black or African American”,
“White”, or “Hispanic”. Hospital chart reviews from T0 were used to collect the
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following covariate data: maternal age, parity (first child/second child/ ≥2 previous
children), birth method (Cesarean/vaginal), preterm birth (yes/no), delivery of low
birthweight infant (yes/no), and pre-pregnancy weight and height, which we converted to
BMI (kg/m2). Data on household income (converted to % federal poverty level), maternal
education (<high school/ high school graduate/ some college/ ≥ 4-year college degree),
marital status (married/not married), current smoking status (yes/no), employment
(working full time/ working part time/ unemployed/ on paid leave/ on unpaid leave/ full
time homemaker/ student/ disabled), and nativity (born in U.S./outside U.S.) were selfreported via questionnaires at T1. Exposure to stressors was a composite index of seven
validated self-reported measures of stress exposure (i.e., discrimination, interpersonal
violence, pregnancy stress, life events, financial stress, chronic stress, perceived stress)
collected at T1and T2 following previously implemented methods of assigning one point
to those who fell in the upper quartile for each stressor and summing them for an overall
score (range 0-7).79

5.2.6 Statistical Analysis
STATA 17.0223 was used for all statistical analyses, and statistical significance
was determined at p<0.05. We conducted preliminary bivariate analyses to examine the
relationship between all covariates of interest and breastfeeding duration categories.
Skewness tests were first conducted to check normality of variable distributions. The
Kruskal-Wallis non-parametric one-way ANOVA was used to examine differences by
breastfeeding duration categories for continuous covariates (i.e., maternal age, prepregnancy BMI, exposure to stressors), which were not normally distributed. Chi-square
was used to examine differences by breastfeeding duration for the remaining covariates

91

which were categorical. The bivariate associations between breastfeeding duration and
allostatic load at T2 and T3, as well as between breastfeeding duration and each of the ten
biomarkers used in calculating allostatic load, were examined using Kruskal-Wallis nonparametric one-way ANOVA followed by the Dunn test for paired comparisons.
Multiple linear regression models tested the association between breastfeeding
duration and allostatic load at T2 and T3 and residuals were checked to ensure
assumptions of normality were met (skewness=0.36 at T2 and 0.54 at T3). Covariates
were selected for inclusion in the final models based on a-priori determination,
augmented backward elimination, and bivariate analyses with the goal of creating a
parsimonious model integrating the most important variables. Selection of race/ethnicity,
maternal age, and indicators of SES (i.e., maternal education, and poverty status) was
based on established relationships with both breastfeeding34,35 and allostatic load.8,76,225
Augmented backward elimination,226 with significance threshold set at α = 0.2 and
change-in-estimate threshold set at τ = 0.05, was used to select study center and prepregnancy BMI, which were significant in both T2 and T3 models. Bivariate analyses
were used to consider smoking, marital status, and preterm birth, which were significant
in one but not both T2 and T3 models using augmented backward elimination. We
selected smoking and marital status as covariates since they were significantly and
independently associated with breastfeeding and allostatic load. The final regression
models included race/ethnicity, maternal age, maternal education, poverty status, study
center, pre-pregnancy BMI, smoking, and marital status as covariates. For exploration of
associations for each racial/ethnic group, analyses were stratified by race/ethnicity.
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Multiple linear regression models included participants with complete data on
allostatic load at T2 (n=1417) and T3 (n=1467). Data was also complete for
race/ethnicity, maternal age, poverty status, marital status, and study center. Given that
examination of missing covariate data showed missing at random patterns, multiple
imputation and pooled estimates from 10 imputations were used to account for missing
covariate data in adjusted regression analyses.227

5.3 Results
5.3.1 Descriptive Statistics and Bivariate Associations
In the sample of 1791 mothers in the first year postpartum, of those with complete
data on breastfeeding (n=1624), 28% never breastfed their infant, 21% breastfed <1
month, 27% breastfed ≥1-<6 months, and 24% breastfed ≥ 6 months (Table 5.1). Black
women comprised more than half (53%) of the analytical sample and among Black
mothers with breastfeeding data, 39% reported never breastfeeding and 13% had
breastfed for ≥ 6 months. This contrasted with a lower proportion of White (21%) and
Hispanic (9%) mothers who had never breastfed, as well as a higher proportion of White
(40%) and Hispanic (36%) mothers who breastfed ≥ 6 months. Across the sample,
mothers who breastfed ≥ 6 months tended to be older and in the highest income category
(i.e., >200% Federal Poverty Level). Compared to those who never breastfed, the
proportion of mothers who breastfed ≥ 6 months was significantly higher for those who
had a 4-year college degree, were born outside the U.S., were married, were not smoking,
did not give birth preterm, and did not have a low birthweight infant. (Table 5.1)
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Median and mean biomarker values of the total sample fell below the clinical risk
threshold for all biomarkers except HS-CRP, which had mean values higher than the
clinical threshold of ≥3 mg/L at T2 and T3 (Table 5.2). Pairwise comparisons showed
that mothers who breastfed ≥ 6 months had significantly lower median allostatic load,
BMI, systolic and diastolic blood pressure, pulse, and a steeper cortisol slope at T2 and
T3 than mothers who never breastfed; HS-CRP was significantly lower at T3 but not T2,
and HDL levels were significantly higher (indicating better health) at T2 but not T3.
From T2 to T3, change in median values of biomarkers and allostatic load was minimal
(≤5% change for all values) (Table 5.2).

5.3.2 Primary Analysis Results
Multiple linear regression models indicated a significant inverse association
between breastfeeding duration and allostatic load at T2 and T3 (Table 5.3). Mothers who
breastfed ≥ 6 months had 0.41 points lower allostatic load at T2 (95% CI: -0.71, -0.11)
and 0.36 points lower allostatic load at T3 (95% CI: -0.69, -0.036) compared to mothers
who never breastfed, while controlling for race/ethnicity, maternal age, education,
poverty level, study center, smoking, marital status, and pre-pregnancy BMI (Table 5.3).
When compared to mothers who breastfed < 1 month, allostatic load for mothers who
breastfed ≥ 6 months was lower by 0.59 points at T2 (95% CI: -0.88, -0.29) and 0.24
points (not significant) at T3 (95% CI: -0.57, 0.096). Tests of interaction by race/ethnicity
did not reach statistical significance (P<0.05 for all interaction terms).
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5.3.2.1 Results stratified by race/ethnicity:
Stratified analyses by race/ethnicity showed that while many biomarkers were
significantly improved by longer breastfeeding duration for White mothers, only a few
were significantly improved for Black and Hispanic mothers. (Table 5.4)
Among Black mothers, median values of HbA1c at T2 and T3 no longer indicated
high risk for mothers who breastfed ≥ 6 months compared to mothers who breastfed < 1
month (5.3% vs 5.4%; clinical risk threshold: ≥ 5.4%). Black mothers with higher
breastfeeding duration at T2 had significantly slower pulse rates and steeper cortisol
slopes (indicating better outcome). Among Hispanic mothers, the most notable
improvements with breastfeeding duration were with BMI and HS-CRP at T2 and T3, in
which median values decreased incrementally with each longer breastfeeding duration
category. (Table 5.4).
In the race-stratified models, multiple linear regression models indicated an
inverse association between breastfeeding duration and allostatic load for all groups, with
statistically significant associations observed for White mothers at T2 and T3 and
Hispanic mothers at T2 (≥ 6 months vs. never breastfeeding). The effect size was largest
for Hispanic mothers at T2, who showed 0.91 points lower allostatic load among those
who breastfed ≥ 6 months compared to those who never breastfed (95% CI: -1.67, -0.14).
(Tables 5.5 & 5.6)

5.4 Discussion
This study determined that longer duration of breastfeeding (i.e., breastfed ≥ 6
months) was protective of maternal allostatic load during the first year postpartum in
adjusted analyses. This is the first study that has examined the relationship between
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breastfeeding duration and allostatic load. Using longitudinal data from CCHN and
analyzing the prospective relationship with allostatic load at 6 and 12 months postpartum,
this study builds on previous work identifying an inverse relationship between
breastfeeding and allostatic load from cross-sectional data.82
Our previous study found that among mothers who were breastfeeding, allostatic
load was 0.36 points lower in the adjusted model, compared to mothers who were not
breastfeeding at the time of participating in NHANES.82 In the current study, a higher
effect size (β=-0.41) was found at T2 in the adjusted model comparing ≥6 months to
never breastfeeding, demonstrating the added benefit of longer breastfeeding duration.
We found that longer breastfeeding duration was associated with improvements in
biomarkers reflecting metabolic, cardiovascular, immune, and neuroendocrine systems.
Specifically, longer breastfeeding duration was associated with significant improvements
in BMI, systolic and diastolic blood pressure, pulse, and cortisol at T2 and T3, in HDL
and HbA1c at T2, and HS-CRP at T3. While our previous study only examined five of
the same biomarkers, breastfeeding was similarly associated with better BMI, systolic
blood pressure, and HDL, but in contrast was not significantly associated with diastolic
blood pressure and HbA1c.82 The added detection of associations with diastolic blood
pressure and HbA1c in the current study is likely due to having a more precise measure
of breastfeeding and a larger proportion of Black and Hispanic participants in the sample.
Prior research on metabolic syndrome and diabetes have similarly provided
evidence of breastfeeding’s beneficial influence on blood pressure, glucose metabolism,
and body weight.89,90,228 The beneficial effect of breastfeeding duration on maternal
postpartum allostatic load, including its effect on specific biomarkers, provide evidence
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of pathways involving metabolic, cardiovascular, immune, and neuroendocrine systems,
that may contribute to reducing maternal chronic disease risk including metabolic
syndrome,90 diabetes,185,229 fatty liver disease,230 and breast and ovarian cancers.3,231
In this study, although the interaction between breastfeeding and race/ethnicity
was not statistically significant, race/ethnicity-stratified models showed that when
comparing mothers who breastfed ≥ 6 months to those who never breastfed, there were
greater reductions in allostatic load for Hispanic mothers at T2 and White mothers at T2
and T3, compared to Black mothers, for which inverse associations were not statistically
significant. A previous analysis of CCHN data by Shalowitz et al.81 found that while
clinical measures of allostatic load were 28% and 31% lower at T2 and T3, respectively,
for White mothers who breastfed compared to White mothers who never breastfed,
allostatic load was only 6% (T2) and 5% (T3) lower for Hispanic mothers and 0.3% (T2)
and 11% (T3) lower for Black mothers who breastfed, compared to respective mothers
who never breastfed. Our study similarly found that breastfeeding had a consistent
favorable influence on allostatic load among White mothers. However, Shalowitz et al.81
did not adjust for confounders or incorporate breastfeeding duration, which likely
explains our finding that there was a significant and large reduction in allostatic load
among Hispanic mothers at T2 who breastfed ≥ 6 months. Our previous study also found
lower and non-significant reductions in allostatic load among Black and Hispanic
mothers who were breastfeeding compared to White mothers who were breastfeeding. 82
Current evidence indicating that breastfeeding has a favorable influence on
allostatic load seems to be most consistent among White mothers and least consistent
among Black mothers. This study offers some possible explanations for the weaker
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associations among Black mothers, given that we do not believe that breastfeeding is less
protective of the health of Black mothers compared to White mothers. First, prepregnancy allostatic load was not adjusted for in this study and in any previous analyses.
Black women have been found to have higher allostatic load than White women at all
ages76 and consequently they likely entered pregnancy with a higher allostatic load. As
such, the weaker inverse association may be explained by unmeasured higher baseline
allostatic load as opposed to a lower moderating effect of breastfeeding on the allostatic
load of Black mothers. Second, the impact of intergenerational and persistent exposure to
stressors such as discrimination, socioeconomic and neighborhood disadvantage, and
other forms of systemic oppression that are salient in the lives of Black
women,95,197,198,232 may be so deep for Black mothers that unraveling the negative
imprints on health requires greater effort and consistent exposure to protective factors.
Third, breastfeeding may amplify psychosocial stressors for some women who
breastfeed, particularly for mothers who live, work, and interact in environments and
communities where breastfeeding is not the norm or not accepted/supported. Qualitative
studies of Black women’s experiences of breastfeeding have documented challenges
faced in navigating unsupportive healthcare and work environments, and discouragement
from family and friends.71,129,130,132,135 These experiences may be physiologically taxing
and may hinder mothers’ capacities to fully reap the physiological benefits of
breastfeeding. Fourth, the biomarkers used to determine allostatic load may not carry the
same validity in capturing health/risk status across different racial/ethnic groups due to
the hegemony of patriarchy and Whiteness in their historical developments. A recent
editorial in the Journal of American Medical Association reminded researchers to use
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caution in interpreting health-based risk scores such as the Framingham Risk Score due
to the lack of inclusion of research participants from underrepresented groups in their
development.233 Despite these issues, this study observed a pattern of the protective
influence of breastfeeding on allostatic load which is evident across racial/ethnic groups
albeit varying in strength. Based on study findings, future research on breastfeeding and
allostatic load is strongly recommended to examine race/ethnicity stratified models, even
when interaction by race/ethnicity is not significant, so that etiologies of health inequities
can be better interrogated.

5.5 Strengths and Limitations
An important limitation of this study was the inability to adjust for pre-pregnancy
or baseline allostatic load which was not collected in this CCHN sample. This prevented
us from ruling out the possibility of reverse causation and may have led to an over- or
underestimation of the association between breastfeeding and allostatic load. However,
incorporation of pre-pregnancy BMI helped to refine our regression models. The data on
breastfeeding did not capture duration beyond six months, intensity (i.e., exclusivity of
breastfeeding versus combined formula and breastfeeding), and mode (i.e., feeding at the
breast or bottle), which limited our ability to examine breastfeeding’s influence more
precisely, and may have led to an underestimation of the true effect of breastfeeding on
allostatic load. Given that mothers reported breastfeeding at two time points and within
the postpartum period, recall and information bias were likely minimized. An important
strength of the study is the use of CBPR as part of the data collection process, which
helped refine the questionnaires to appropriately capture community contexts and
facilitated trust between researchers and participants so that data could accurately reflect
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participant experiences. Another strength of this study was the relatively large sample
size of mothers from five regions across the U.S. and the relative high proportion of
Black mothers, thus providing diversity and sufficient power to investigate the research
questions.

5.6 Conclusion
This study determined that extended breastfeeding is a possible moderator of
allostatic load, but further research is needed to elicit the association and mechanism of
this relationship. Efforts are needed to recruit women pre-pregnancy and follow them
postpartum to better analyze changes in allostatic load. Data on breastfeeding intensity
and exclusivity over time are also important to better capture the influence of
breastfeeding. This study builds on emergent literature on breastfeeding’s impact on
chronic stress, with an aim of promoting an inclusive understanding of protective factors
for maternal health, particularly for Black women in the U.S. who experience greater
health inequities.
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Table 5.1: Participant Characteristics by Breastfeeding Duration Category in the Community Child Health Research Network
(N=1791)
Never breastfed
(n= 455)

Breastfed < 1
month (n=344)

Breastfed ≥1 to <
6 months
(n=434)

Breastfed ≥ 6
months (n=391)

Missing
breastfeeding
(n=167)

pa

22.35 (23.77 ±
4.55)
26.16 (28.04 ±
8.16)
2 (1.99 ± 1.77)

22.52 (24.41 ±
5.44)
26.17 (27.62 ±
7.27)
2 (2.04 ± 1.73)

24.86 (26.05 ±
5.59)
26.52 (27.90 ±
7.05)
2 (1.96 ± 1.64)

28.33 (28.67 ±
5.87)
25.45 (26.73 ±
6.80)
1.75 (1.82 ±
1.63)

28.19 (28.24
±5.98)
24.03
(26.85±7.36)
1.4 (2.08 ±1.91)

0.0001

407 (22.72)
957 (53.43)
427 (23.84)

75 (16.48)
349 (76.70)
31 (6.81)

69 (20.06)
186 (54.07)
89 (25.87)

78 (17.97)
238 (54.84)
118 (27.19)

143 (36.57)
117 (29.92)
131 (33.50)

42 (25.15)
67 (40.12)
58 (34.73)

316 (18.06)
760 (43.43)
405 (23.14)

105 (23.39)
250 (55.68)
75 (16.70)

60 (17.70)
171 (50.44)
81 (23.89)

70 (16.79)
162 (38.85)
132 (31.65)

52 (13.58)
124 (32.38)
84 (21.93)

29 (17.90)
53 (32.72)
33 (20.37)

269 (15.37)

19 (4.23)

27 (7.96)

53 (12.71)

123 (32.11)

47 (29.01)

758 (42.32)
492 (27.47)
541 (30.21)

267 (58.68)
116 (25.49)
72 (15.82)

163 (47.38)
99 (28.78)
82 (23.84)

166 (38.25)
132 (30.41)
136 (31.34)

108 (27.62)
99 (25.32)
184 (47.06)

54 (32.34)
46 (27.54)
67 (40.12)

412 (23.00)
441 (24.62)
244 (13.62)
323 (18.03)
371 (20.71)

173 (38.02)
70 (15.38)
14 (3.08)
127 (27.91)
71 (15.60)

64 (18.60)
101 (29.36)
35 (10.17)
71 (20.64)
73 (21.22)

71 (16.36)
119 (27.42)
61 (14.06)
78 (17.97)
105 (24.19)

67 (17.14)
115 (29.41)
76 (19.44)
42 (10.74)
91 (23.27)

37 (22.16)
36 (21.56)
58 (34.73)
5 (2.99)
31 (18.56)

Total (N=1791)

Age (yr)
Pre-pregnancy BMI
Stress exposure (0-7)

Median (Mean ±
SD)
24.61 (25.93 ±
5.75)
25.78 (27.50 ±
7.35)
2 (1.96 ±1.71)

0.1449
0.3985

N (%)
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Race/ethnicity
White
Black
Hispanic
Education
< high school
High school graduate
Some college but not 4year degree
4-year degree or higher
Federal Poverty Level
≤ 100%
>100% to ≤200%
>200%
Study Center
Baltimore
Chicago suburb
Los Angeles
North Carolina counties
Washington, DC
Mother employment
status

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
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Working full time
Working part time
Unemployed
On paid leave
On unpaid leave
Full time homemaker
Student
Disabled or other
Nativity
Born in U.S.
Born outside of U.S.
Married
No
Yes
Parity
First child
One previous child
≥ 2 previous children
Delivery type
Vaginal
Cesarean
Preterm birth
No
Yes
Low birthweight
infant
No
Yes
Smoking
No
Yes
a P-values

213 (11.97)
181 (10.17)
623 (35.02)
187 (10.51)
180 (10.12)
259 (14.56)
86 (4.83)
50 (2.81)

44 (9.67)
40 (8.79)
208 (45.71)
27 (5.93)
45 (9.89)
53 (11.65)
24 (5.27)
14 (3.08)

45 (13.16)
34 (9.94)
126 (36.84)
29 (8.48)
26 (7.60)
47 (13.74)
26 (7.60)
9 (2.63)

68 (15.78)
41 (9.51)
146 (33.87)
44 (10.21)
44 (10.21)
61 (14.15)
16 (3.71)
11 (2.55)

35 (9.09)
44 (11.43)
102 (26.49)
66 (17.14)
45 (11.69)
71 (18.44)
13 (3.38)
9 (2.34)

21 (12.65)
22 (13.25)
41 (24.70)
21 (12.65)
20 (12.05)
27 (16.27)
7 (4.22)
7 (4.22)

1426 (79.66)
364 (20.34)

435 (95.81)
19 (4.19)

294 (85.47)
50 (14.53)

331 (76.27)
103 (23.73)

251 (63.19)
140 (35.81)

115 (68.86)
52 (31.14)

1210 (67.56)
581 (32.44)

400 (87.91)
55 (12.09)

261 (75.87)
83 (24.13)

296 (68.20)
138 (31.80)

180 (46.04)
211 (53.96)

73 (43.71)
94 (56.29)

624 (37.10)
623 (37.04)
435 (25.86)

156 (38.90)
145 (36.16)
100 (24.94)

134 (41.10)
115 (35.28)
77 (23.62)

140 (34.06)
158 (38.44)
113 (27.49)

127 (33.16)
151 (39.43)
105 (27.42)

67 (41.61)
54 (33.54)
40 (24.84)

1071 (63.15)
625 (36.85)

262 (63.75)
149 (36.25)

203 (61.89)
125 (38.11)

255 (62.04)
156 (37.96)

246 (63.90)
139 (36.10)

105 (65.22)
56 (34.78)

1548 (86.72)
237 (13.28)

397 (87.64)
56 (12.36)

290 (84.80)
52 (15.20)

359 (83.10)
73 (16.90)

349 (89.26)
42 (10.74)

153 (91.62)
14 (8.38)

<0.0001

<0.0001

0.323

0.905

0.048

0.002
1316 (89.95)
147 (10.05)

307 (87.97)
42 (12.03)

257 (91.13)
25 (8.87)

296 (86.05)
48 (13.95)

316 (94.33)
19 (5.67)

140 (91.50)
13 (8.50)

1489 (83.32)
298 (16.68)

337 (74.07)
118 (25.93)

268 (78.36)
74 (21.64)

370 (85.25)
64 (14.75)

364 (93.33)
26 (6.67)

150 (90.36)
16 (9.64)

<0.0001

based on Kruskal-Wallis non-parametric one-way ANOVA for maternal age, pre-pregnancy BMI, and stressor exposure,
and Chi-Square for all other variables, and excludes missing breastfeeding data.

Table 5.2: Mean and Median Biomarker Values at Six and Twelve Months Postpartum by Breastfeeding Duration Categories
in the Community Child Health Research Network (N=1791)
Biomarker

Body Mass Index
(kg/m2)
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Waist:hip ratio

Systolic blood
pressure (mmHg)

Paired
comparisons with
significance c

1

2

3

4

Pb

Never
breastfed
(n= 455)

Breastfed
≥1 to < 6
months
(n=434)
Median
(Mean ±
SD)

Breastfed
≥ 6 months
(n=391)
Median
(Mean ±
SD)

Comparison
across
groups

Median
(Mean ±
SD)

Breastfed
< 1 month
(n=344)
Median
(Mean ±
SD)

28 (29.40 ±
7.68)

29 (30.64
± 8.49)

29 (30.25
± 7.65)

28.95
(29.93 ±
7.31)

26.5
(28.05 ±
7.04)

0.0001

1 & 4, 2 & 4, 3 &
4

≥30 (42.87)

28.1 (29.02
± 7.80)

29.9
(31.07 ±
8.95)

28.6
(29.92 ±
7.64)

29 (29.71
± 7.60)

26.6
(28.09 ±
7.15)

0.0001

1 & 4, 2 & 4, 3 &
4

T2

≥0.94 (18.31)

0.87 (0.87
± 0.075)

0.87 (0.87
± 0.085)

0.88 (0.88
± 0.086)

0.86 (0.87
± 0.082)

0.87 (0.86
± 0.072)

0.2037

2 & 3, 2 & 4

T3

≥0.94 (18.95)

0.86 (0.86
± 0.078)

0.87 (0.87
± 0.086)

0.87 (0.87
± 0.087)

0.86 (0.86
± 0.079)

0.86 (0.86
± 0.076)

0.2193

2&3

T2

≥120 (20.28)

110.67
(111.18 ±
11.20)

112.33
(112.43 ±
12.00)

111.83
(112.65 ±
12.38)

111.33
(111.41 ±
10.91)

107.33
(108.30 ±
11.56)

0.0001

1 & 4, 2 & 4, 3 &
4

T3

≥120 (20.95)

110.67
(110.93 ±
11.45)

110.67
(111.83 ±
12.78)

111.67
(112.49 ±
12.23)

111
(111.09 ±
11.89)

109.33
(109.65 ±
10.67)

0.0508

1 & 4, 2 & 4

Data
collection
time a

High-risk
clinical value
(%
participants
with high
risk)

Total
(N=1791)
Median
(Mean ±
SD)

T2

≥30 (42.36)

T3

Diastolic blood
pressure (mmHg)

Pulse (bpm)
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High-sensitive Creactive protein
(mg/L)

Hemoglobin A1c
(%)

High density
lipoprotein
cholesterol (mg/dL)

Total cholesterol:
high density
lipoprotein ratio

T2

≥80 (24.79)

73 (73.66 ±
9.63)

74.33
(74.86 ±
10.13)

72.67
(73.95 ±
9.66)

73.67
(74.40 ±
10.19)

71 (72.08
± 9.25)

0.0007

1 & 4, 2 & 4, 3 &
4

T3

≥80 (22.52)

73 (73.17 ±
9.55)

74.33
(74.23 ±
9.79)

72.17
(72.97 ±
9.79)

74 (73.39
± 10.67)

70.83
(71.82 ±
9.09)

0.0052

1 & 2, 1 & 4, 3 &
4

T2

≥91 (9.09)

76.33
(76.38 ±
10.37)

78.67
(79.36 ±
9.66)

75.17
(76.72 ±
11.45)

75.83
(76.13 ±
10.90)

74 (74.75
± 9.88)

0.0001

1 & 2, 1 & 3, 1 &
4, 2 & 4, 3 & 4

T3

≥91 (9.05)

76.67
(76.66 ±
9.93)

79.33
(78.71 ±
9.72)

75.33
(76.51 ±
10.84)

75.67
(76.38 ±
10.50)

75.67
(76.23 ±
10.12)

0.0009

1 & 2, 1 & 3, 1 &
4

T2

≥3 (47.26)

2.7 (4.01 ±
3.89)

2.8 (4.04
± 3.59)

3.3 (4.27 ±
3.57)

2.6 (4.02 ±
3.95)

2.35 (3.65
± 3.68)

0.0786

2&4

T3

≥3 (46.57)

2.6 (4.05 ±
4.16)

3 (4.49 ±
4.29)

2.7 (4.35 ±
4.21)

3.25 (4.59
± 4.42)

1.9 (3.55 ±
4.12)

0.0012

1 & 4, 2 & 4, 3 &
4

T2

≥5.4 (44.26)

5.3 (5.29 ±
0.64)

5.2 (5.30
± 0.74)

5.3 (5.39 ±
0.85)

5.3 (5.43 ±
0.83)

5.2 (5.24 ±
0.53)

0.0012

1 & 2, 1 & 3, 2 &
4, 3 & 4

T3

≥5.4 (44.28)

5.3 (5.31 ±
0.77)

5.3 (5.38
± 0.90)

5.3 (5.42 ±
1.05)

5.3 (5.40 ±
0.95)

5.2 (5.25 ±
0.59)

0.3766

n.s.

T2

≤40 (44.59)

43 (44.88 ±
14.66)

41 (42.72
± 13.23)

42 (44.96
± 14.48)

43 (45.33
± 14.10)

45 (46.80
± 15.24)

0.0072

1 & 2, 1 & 3, 1 &
4

T3

≤40 (43.71)

43 (44.37 ±
13.41)

42 (44.43
± 13.40)

44 (45.51
± 13.71)

42 (44.48
± 13.60)

42 (44.76
± 14.41)

0.6797

n.s.

T2

≥ 5.9 (11.99)

3.96 (4.15
± 1.43)

4.08 (4.26
± 1.44)

3.96 (4.04
± 1.41)

3.95 (4.24
± 1.54)

3.92 (4.14
± 1.37)

0.3795

1&2

Cortisol slope

Allostatic load (0-10
range)

a

T3

≥ 5.9 (8.92)

3.73 (3.99
± 1.39)

3.67 (3.92
± 1.32)

3.57 (3.93
± 1.42)

3.82 (4.02
± 1.30)

3.69 (3.96
± 1.36)

0.4662

n.s.

T2

≥-0.01
(25.06)

-0.022 (0.022 ±
0.026)

-0.021 (0.020 ±
0.029)

-0.019 (0.018 ±
0.029)

-0.020 (0.018 ±
0.027)

-0.026 (0.028 ±
0.021)

0.0001

1 & 4, 2 & 4, 3 &
4

T3

≥-0.01
(30.55)

-0.021 (0.023 ±
0.024)

-0.013 (0.017 ±
0.022)

-0.021 (0.020 ±
0.026)

-0.019 (0.023 ±
0.022)

-0.026 (0.026 ±
0.024)

0.0001

1 & 2, 1 & 3, 1 &
4, 2 & 4, 3 & 4

T2

NA

2.86 (2.83
± 1.87)

3 (3.17 ±
1.98)

3 (3.17 ±
1.82)

3 (3.02 ±
1.92)

2 (2.37 ±
1.87)

0.0001

1 & 4, 2 & 4, 3 &
4

T3

NA

2.86 (2.76
± 1.83)

3 (3.27 ±
2.02)

3 (2.95 ±
1.97)

3 (2.99 ±
1.94)

2 (2.46 ±
1.81)

0.0001

1 & 2, 1 & 4, 2 &
4, 3 & 4
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T2 indicates 6 months postpartum; T3 indicates 12 months postpartum
based on Kruskal-Wallis non-parametric one-way ANOVA comparison of medians
c
Significance established at P<0.05 based on the Dunn nonparametric pairwise comparison test
b P-value

Table 5.3: Final Multiple Linear Regression Models of Association Between Breastfeeding Duration and Allostatic Load at Six
Months Postpartum (T2) (n=1417) and Twelve Months Postpartum (T3) (n=1467) in the Community Child Health Research
Network
T2a allostatic
load
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Breastfeeding
duration
Never
breastfed
< 1 month
≥ 1 month to <
6 months
≥ 6 months
Race/ethnicity
White
Black
Hispanic
Maternal age
(yr)
Maternal
education
< high school
High school
graduate
Some college
≥ 4-year
college degree

Adjusted
βb

Standard
error

P

95%
Confidence
Interval

refd

ref

ref

ref

0.17
-0.012

0.14
0.14

0.23
0.93

-0.41

0.15

ref
0.48
0.38
0.029

T3c
Adjusted
allostatic β
load

Standard
error

P

95%
Confidence
Interval

ref

ref

ref

ref

-0.11, 0.46
-0.28, 0.26

-0.12
-0.11

0.15
0.15

0.41
0.46

-0.42, 0.17
-0.40, 0.18

0.007

-0.71, -0.11

-0.36

0.16

0.030

-0.69, -0.036

ref
0.16
0.17
0.011

ref
0.003
0.026
0.009

ref
0.17, 0.79
0.045, 0.72
0.0072,
0.051

ref
0.54
0.58
0.013

ref
0.16
0.17
0.008

ref
0.001
0.001
0.23

ref
0.23, 0.85
0.24, 0.92
-0.0082, 0.035

ref
-0.062

ref
0.14

ref
0.65

ref
-0.33, 0.21

ref
-0.074

ref
0.13

ref
0.58

ref
-0.34, 0.19

0.049
-0.26

0.17
0.22

0.77
0.24

-0.28, 0.37
-0.69, 0.17

-0.0051
-0.28

0.17
0.22

0.98
0.21

-0.33, 0.32
-0.72, 0.16

107

Federal
Poverty Level
≤ 100%
ref
ref
ref
ref
> 100% to ≤
-0.12
0.12
0.31
-0.36, 0.11
200%
>200%
-0.21
0.16
0.18
-0.52, 0.10
Study center
Baltimore
0.47
0.20
0.018
0.082, 0.86
Chicago
0.31
0.17
0.074
-0.030, 0.65
suburb
Los Angeles
ref
ref
ref
ref
North Carolina 0.49
0.20
0.014
0.11, 0.88
counties
Washington
0.52
0.19
0.005
0.16, 0.89
D.C.
Smoking
No
ref
ref
ref
ref
Yes
0.11
0.14
0.44
-0.16, 0.38
Marital status
Not married
ref
ref
ref
ref
Married
-0.15
0.14
0.28
-0.41, 0.12
Pre0.093
0.0083
<0.0001 0.077, 0.11
pregnancy
BMI
Constant
-0.91
0.40
0.024
-1.69, -0.12
a T2= 6 months postpartum
b Adjusting for all other independent variables in the model
c T3= 12 months postpartum
d ref= reference category

ref

ref
-0.081

ref
0.12

ref
0.51

ref
-0.32, 0.16

-0.13

0.16

0.41

-0.45, 0.18

0.46
-0.038

0.18
0.16

0.010
0.815

0.11, 0.82
-0.35, 0.28

ref
0.035

ref
0.19

ref
0.85

ref
-0.34, 0.41

0.12

0.17

0.47

-0.22, 0.46

ref
0.33

ref
0.13

ref
0.012

ref
0.073, 0.60

ref
-0.0048
0.10

ref
0.13
0.0083

ref
ref
0.97
-0.26, 0.25
<0.0001 0.086, 0.12

-0.59

0.39

0.13

-1.36, 0.17

Table 5.4: Biomarker Values and Allostatic Load by Breastfeeding Duration Status and Race/Ethnicity at Six Months
Postpartum (T2) and Twelve Months Postpartum (T3) in the Community Child Health Research Network (N=1791)
High-risk clinical
value (%
participants with
high risk)
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Body Mass Index
(kg/m2): T2c
White

≥30 (31.76)

Black

≥30 (49.36)

Hispanic

≥30 (36.59)

Body Mass Index
(kg/m2): T3d
White

≥30 (31.45)

Black

≥30 (50.39)

Hispanic

≥30 (37.36)

Waist to hip ratio:
T2
White

≥0.94 (13.20)

Black

≥0.94 (17.85)

Hispanic

≥0.94 (24.77)

Waist to hip ratio:
T3
White

≥0.94 (14.16)

1
Never
breastfed (n=
471)
Mean (SD)

2
Breastfed < 1
month (n=361)
Mean (SD)

3
Breastfed ≥ 1 to
< 6 months
(n=454) Mean
(SD)

4
Breastfed ≥ 6
months (n=411)
Mean (SD)

26.00 (27.97 ±
7.09)
29.5 (30.80 ±
8.32)
28.00 (28.85 ±
6.09)

28.00 (30.26 ±
7.86)
29 (30.67 ±
8.73)
31.00 (31.33 ±
7.40)

28.00 (29.43 ±
7.60)
30.75 (31.08 ±
8.27)
28.50 (29.05 ±
5.79)

28.5 (28.84 ±
6.89)
29.5 (30.52 ±
7.98)
28.00 (29.45 ±
5.97)

24.1 (25.77 ±
5.94)
30.00 (31.29 ±
8.24)
27.00 (27.65 ±
5.78)

0.0001

0.0168

1 & 4, 2 & 4, 3
&4

26.00 (27.60 ±
7.19)
30.00 (30.91 ±
8.67)
27.85 (28.62 ±
6.29)

29.00 (30.54 ±
8.74)
29.90 (31.15 ±
9.12)
31.80 (31.50 ±
7.70)

27.00 (28.06 ±
6.67)
30.50 (31.00 ±
8.38)
28.10 (29.21 ±
6.43)

27.30 (29.12 ±
7.75)
30.00 (30.54 ±
8.26)
27.10 (28.39 ±
5.75)

23.90 (25.85 ±
6.26)
29.00 (31.09 ±
8.50)
27.00 (27.82 ±
5.64)

0.0011
0.9210

1 & 4, 2 & 4, 3
&4
n.s.

0.0899

1 & 3, 1 & 4

0.86 (0.86 ±
0.070)
0.86 (0.86 ±
0.089)
0.89 (0.89 ±
0.067)

0.86 (0.87 ±
0.073)
0.87 (0.86 ±
0.087)
0.93 (0.92 ±
0.077)

0.87 (0.88 ±
0.063)
0.87 (0.87 ±
0.098)
0.89 (0.89 ±
0.075)

0.86 (0.86 ±
0.071)
0.85 (0.86 ±
0.089)
0.89 (0.89 ±
0.066)

0.85 (0.85 ±
0.068)
0.85 (0.85 ±
0.078)
0.89 (0.89 ±
0.061)

0.0039

2 & 3, 2 & 4

0.3368

n.s.

0.8706

n.s.

0.86 (0.86 ±
0.078)

0.87 (0.87 ±
0.083)

0.88 (0.88 ±
0.080)

0.86 (0.86 ±
0.074)

0.85 (0.85 ±
0.078)

0.0220

1 & 4, 2 & 3, 2
&4

Total Median
(Mean ± SD)

Pa
Comparison
across groups

0.7776

Paired
comparisons
with
significance b

1 & 4, 2 & 4, 3
&4
n.s.e
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Black

≥0.94 (17.78)

Hispanic

≥0.94 (26.21)

Systolic blood
pressure (mmHg):
T2
White

≥120 (16.77)

Black

≥120 (26.29)

Hispanic

≥120 (10.03)

Systolic blood
pressure (mmHg):
T3
White

≥120 (14.24)

Black

≥120 (26.80)

Hispanic

≥120 (14.57)

Diastolic blood
pressure (mmHg):
T2
White

≥80 (21.56)

Black

≥80 (31.31)

Hispanic

≥80 (13.07)

Diastolic blood
pressure (mmHg):
T3
White

≥80 (20.18)

Black

≥80 (27.71)

Hispanic

≥80 (13.45)

0.85 (0.86 ±
0.086)
0.90 (0.89 ±
0.067)

0.86 (0.87 ±
0.087)
0.93 (0.92 ±
0.064)

0.85 (0.85 ±
0.091)
0.91 (0.90 ±
0.078)

0.84 (0.85 ±
0.084)
0.90 (0.89 ±
0.068)

0.84 (0.85 ±
0.081)
0.88 (0.89 ±
0.063)

0.1587

1&3

0.1785

1 & 3, 1 & 4

108.33 (108.97
± 11.51)
113.00 (113.45
± 11.88)
106.67 (107.53
± 10.56)

110.33 (110.51
± 9.78)
113.00 (113.31
± 12.23)
105.17 (107.19
± 13.34)

112.50 (111.29
± 12.84)
114.33 (115.12
± 11.92)
106.33 (108.26
± 11.71)

110.67 (110.57
± 10.98)
113.00 (113.14
± 11.32)
108.00 (108.62
± 9.41)

105.33 (106.35
± 11.51)
112.00 (112.51
± 12.02)
106.33 (106.68
± 10.22)

0.0034
0.6359

1 & 4, 2 & 4, 3
&4
n.s.

0.6435

n.s.

109.33 (109.23
± 10.81)
111.83 (112.72
± 12.44)
108.33 (109.49
± 10.90)

111.00 (110.54
± 10.64)
110.67 (112.07
± 13.27)
110.33 (112.16
± 12.15)

108.33 (110.61
± 12.31)
113.17 (114.38
± 12.14)
107.33 (110.23
± 11.90)

109.67 (110.11
± 13.25)
112.00 (112.15
± 11.82)
109.33 (109.61
± 10.96)

108.67 (107.95
± 9.49)
110.67 (112.24
± 11.19)
108.50 (109.14
± 11.06)

0.1209

1&4

0.2530

1&2

0.8691

n.s.

71.67 (72.65 ±
9.11)
75.00 (75.80 ±
10.29)
70.00 (70.31 ±
8.37)

73.00 (73.07 ±
8.22)
74.67 (75.69 ±
10.36)
66.67 (69.73 ±
10.47)

71.17 (73.15 ±
10.03)
75.33 (75.87 ±
9.71)
70.00 (70.30 ±
8.00)

75.00 (75.22 ±
8.51)
75.33 (76.21 ±
10.66)
70.33 (70.37 ±
9.13)

69.67 (70.84 ±
9.08)
75.00 (75.27 ±
10.45)
70.00 (70.62 ±
7.49)

0.0015
0.9502

1 & 4, 2 & 4, 3
&4
n.s.

0.7473

n.s.

71.67 (72.03 ±
9.12)
75.33 (75.14 ±
10.30)
69.33 (70.37 ±
9.02)

73.67 (72.87 ±
8.52)
74.33 (74.78 ±
10.13)
70.67 (71.54 ±
8.24)

71.17 (72.27 ±
10.40)
74.83 (74.76 ±
9.61)
69.00 (70.04 ±
9.00)

73.33 (73.25 ±
10.32)
75.83 (75.20 ±
10.81)
69.33 (69.89 ±
9.81)

70.50 (70.76 ±
8.55)
75.00 (74.77 ±
9.51)
69.00 (70.27 ±
8.71)

0.0739

1 & 4, 3 & 4

0.8744

n.s.

0.6728

n.s.
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Pulse (bpm): T2
White

≥91 (5.69)

Black

≥91 (12.42)

Hispanic

≥91 (4.88)

Pulse (bpm): T3
White

≥91 (8.01)

Black

≥91 (11.08)

Hispanic

≥91 (5.60)

High-sensitive Creactive protein
(mg/dL): T2
White

≥3 (44.05)

Black

≥3 (48.19)

Hispanic

≥3 (48.34)

High-sensitive Creactive protein
(mg/dL): T3
White

≥3 (40.06)

Black

≥3 (49.03)

Hispanic

≥3 (47.35)

Hemoglobin A1c
(%): T2
White

≥5.4 (25.89)

Black

≥5.4 (49.29)

Hispanic

≥5.4 (51.06)

74.67 (74.39 ±
11.01)
78.00 (78.58 ±
10.33)
74.00 (74.72 ±
9.78)

78.33 (77.28 ±
11.67)
79.00 (79.89 ±
9.20)
77.67 (78.72 ±
8.23)

75.00 (73.80 ±
12.18)
77.33 (78.50 ±
11.27)
74.00 (75.29 ±
10.53)

76.00 (75.10 ±
11.72)
78.17 (77.83 ±
11.06)
73,00 (73.53 ±
9.45)

73.17 (72.95 ±
9.47)
76.00 (76.98 ±
10.03)
74.00 (74.75 ±
9.87)

0.0287

1 & 2, 1 & 4

0.0039

1 & 2, 1 & 3, 1
&4
1 & 2, 1 & 3, 1
&4

74.67 (74.99 ±
11.13)
78.67 (78.69 ±
10.01)
74.67 (75.28 ±
9.36

76.33 (76.81 ±
11.21)
79.67 (79.27 ±
9.41)
75.75 (77.02 ±
8.90)

73.00 (74.42 ±
11.77)
78.33 (78.32 ±
10.69)
73.33 (74.59 ±
9.87)

74.00 (74.21 ±
12.44)
78.33 (78.63 ±
9.72)
72.33 (73.32 ±
9.60)

74.67 (75.16 ±
10.48)
77.33 (78.00 ±
11.19)
75.33 (75.79 ±
8.40)

0.4724

n.s.

0.4277

n.s.

0.0747

1 & 3, 3 & 4

2.40 (3.65 ±
3.55)
2.80 (4.14 ±
3.87)
2.80 (4.01 ±
3.54)

2.50 (3.86 ±
3.53)
2.80 (3.94 ±
3.46)
5.20 (5.79 ±
4.91)

3.20 (4.15 ±
3.35)
3.30 (4.08 ±
3.50)
3.40 (4.81 ±
3.91)

3.30 (4.15 ±
3.79)
2.40 (4.17 ±
4.41)
2.60 (3.66 ±
3.03)

1.60 (3.01 ±
3.44)
2.85 (4.53 ±
4.14)
2.45 (3.55 ±
3.35)

0.0212

2 & 4, 3 & 4

0.6484

n.s.

0.1298

1 & 4, 2 & 3, 2
&4

2.10 (3.73 ±
4.15)
2.80 (4.33 ±
4.30)
2.80 (4.33 ±
4.23)

3.40 (4.69 ±
3.87)
2.70 (4.26 ±
4.04)
3.30 (6.53 ±
6.80)

2.40 (3.77 ±
3.63)
2.40 (4.20 ±
4.10)
3.30 (5.08 ±
4.74)

3.90 (5.57 ±
6.03)
3.30 (4.53 ±
4.17)
3.00 (4.08 ±
3.52)

1.50 (2.63 ±
3.08)
2.60 (4.40 ±
5.04)
2.10 (3.78 ±
4.00)

0.0001
0.8998

1 & 4, 2 & 4, 3
&4
n.s.

0.0514

1 & 4, 2 & 4

5.00 (5.08 ±
0.49)
5.30 (5.43 ±
0.88)
5.40 (5.36 ±
0.53)

5.00 (5.08 ±
0.54)
5.30 (5.34 ±
0.80)
5.50 (5.40 ±
0.36)

5.10 (5.23 ±
0.52)
5.40 (5.54 ±
1.02)
5.20 (5.17 ±
0.56)

5.10 (5.09 ±
0.46)
5.40 (5.56 ±
1.00)
5.40 (5.40 ±
0.53)

5.00 (5.01 ±
0.45)
5.30 (5.28 ±
0.53)
5.45 (5.44 ±
0.53)

0.0210

1 & 2, 2 & 4

0.0128

1 & 2, 1 & 3, 2
& 4, 3 & 4
1 & 2, 2 & 3, 2
&4

0.0577

0.0400

111

Hemoglobin A1c
(%): T3
White

≥5.4 (24.26)

Black

≥5.4 (49.42)

Hispanic

≥5.4 (51.96)

High density
lipoprotein
cholesterol: T2
White

≤40 (40.00)

Black

≤40 (44.63)

Hispanic

≤40 (49.27)

High density
lipoprotein
cholesterol: T3
White

≤40 (39.20)

Black

≤40 (43.13)

Hispanic

≤40 (49.50)

Total cholesterol
to high density
lipoprotein ratio:
T2
White

≥5.9 (9.45)

Black

≥5.9 (12.60)

Hispanic

≥5.9 (13.03)

Total cholesterol
to high density
lipoprotein ratio:
T3

5.10 (5.12 ±
0.71)
5.30 (5.46 ±
1.04)
5.40 (5.39 ±
0.70)

5.10 (5.12 ±
0.40)
5.30 (5.43 ±
0.95)
5.30 (5.49 ±
1.09)

5.10 (5.14 ±
0.68)
5.40 (5.55 ±
1.14)
5.30 (5.37 ±
1.07)

5.10 (5.20 ±
1.14)
5.40 (5.52 ±
1.05)
5.30 (5.29 ±
0.48)

5.00 (5.07 ±
0.63)
5.30 (5.27 ±
0.54)
5.50 (5.43 ±
0.52)

0.5001

n.s.

0.2293

2&4

0.0163

2 & 4, 3 & 4

46.00 (47.35 ±
15.29)
42.50 (44.68 ±
14.22)
41.00 (43.31 ±
13.33)

40.50 (42.30 ±
13.18)
41.00 (43.11 ±
13.56)
38.00 (38.84 ±
7.79)

45.00 (46.96 ±
14.71)
42.00 (44.52 ±
14.65)
40.50 (44.18 ±
13.95)

43.00 (47.58 ±
15.16)
45.00 (46.13 ±
14.57)
41.00 (42.21 ±
11.87)

48.00 (49.84 ±
16.13)
44.00 (45.58 ±
14.17)
42.00 (44.54 ±
14.78)

0.0155
0.0871

1 & 2, 1 & 3, 1
&4
1&3

0.7130

n.s.

44.00 (45.64 ±
13.60)
43.00 (45.02 ±
13.96)
41.00 (42.93 ±
13.07)

44.00 (46.50 ±
15.03)
42.00 (44.13 ±
13.28)
41.50 (43.09 ±
10.85)

46.00 (45.49 ±
13.67)
43.00 (45.43 ±
13.97)
46.50 (45.71 ±
13.42)

45.50 (45.30 ±
10.99)
42.00 (44.63 ±
14.60)
41.00 (43.64 ±
13.08)

44.00 (45.76 ±
14.27)
44.00 (46.53 ±
14.79)
38.50 (41.67 ±
13.83)

0.9661

n.s.

0.5628

n.s.

0.2253

2&4

4.03 (4.13 ±
1.35)
3.94 (4.15 ±
1.50)
3.96 (4.30 ±
1.40)

4.46 (4.56 ±
1.56)
4.00 (4.20 ±
1.43)
3.92 (4.22 ±
1.13)

3.73 (3.99 ±
1.16)
3.99 (4.08 ±
1.51)
3.88 (4.00 ±
1.38)

4.33 (4.40 ±
1.46)
3.79 (4.12 ±
1.64)
3.96 (4.36 ±
1.39)

3.65 (3.84 ±
1.20)
3.88 (4.17 ±
1.43)
4.18 (4.43 ±
1.43)

0.0241

1 & 4, 3 & 4

0.6812

n.s.

0.3417

2&4
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a

White

≥5.9 (9.93)

Black

≥5.9 (7.40)

Hispanic

≥5.9 (11.26)

Cortisol slope: T2
White

≥-0.01 (15.79)

Black

≥ -0.01 (35.29)

Hispanic

≥ -0.01 (14.65)

Cortisol slope: T3
White

≥-0.01 (16.59)

Black

≥-0.01 (44.37)

Hispanic

≥-0.01 (14.89)

Allostatic load: T2
White

NAf

Black

NA

Hispanic

NA

Allostatic load: T3
White

NA

Black

NA

Hispanic

NA

3.66 (3.99 ±
1.41)
3.68 (3.92 ±
1.31)
3.92 (4.12 ±
1.41)

3.67 (3.78 ±
1.14)
3.67 (3.95 ±
1.34)
3.58 (3.91 ±
1.39)

3.46 (4.00 ±
1.71)
3.66 (3.86 ±
1.17)
3.48 (3.99 ±
1.63)

3.97 (4.11 ±
1.27)
3.85 (4.02 ±
1.30)
3.79 (3.97 ±
1.35)

3.51 (3.91 ±
1.38)
3.63 (3.79 ±
1.29)
3.99 (4.21 ±
1.40)

0.4900

n.s.

0.5021

n.s.

0.3463

n.s.

-0.026 (-0.027
± 0.025)
-0.018 (-0.017
± 0.029)
-0.024 (-0.025
± 0.021)

-0.026 (-0.026
± 0.031)
-0.020 (-0.019
± 0.029)
-0.028 (-0.019
± 0.026)

-0.022 (-0.021 ±
0.031)
-0.013 (-0.013 ±
0.031)
-0.025 (-0.028 ±
0.017)

-0.023 (-0.024 ±
0.025)
-0.018 (-0.015 ±
0.030)
-0.019 (-0.019 ±
0.023)

-0.030 (-0.032 ±
0.020)
-0.020 (-0.023 ±
0.025)
-0.026 (-0.028 ±
0.019)

0.0177

2 & 4, 3 & 4

0.0965

1 & 2, 2 & 4

0.0999

2 & 3, 3 & 4

-0.029 (-0.030
± 0.025)
-0.014 (-0.016
± 0.023)
-0.027 (-0.027
± 0.018)

-0.021 (-0.027
± 0.027)
-0.011 (-0.014
(0.020)
-0.029 (-0.035
± 0.024)

-0.036 (-0.029 ±
0.027)
-0.0098 (-0.012
± 0.028)
-0.029 (-0.028 ±
0.015)

-0.026 (-0.024 ±
0.018)
-0.018 (-0.020 ±
0.023)
-0.026 (-0.028 ±
0.021)

-0.030 (-0.034 ±
0.025)
-0.019 (-0.015 ±
0.022)
-0.022 (-0.024 ±
0.018)

0.1946

3&4

0.0470

1 & 3, 2 & 3

0.3620

n.s.

2.00 (2.31 ±
1.81)
3.00 (3.27 ±
1.96)
2.36 (2.71 ±
1.80)

3.00 (2.75 ±
1.69)
3.00 (3.24 ±
2.04)
3.54 (3.57 ±
1.94)

2.86 (2.79 ±
1.76)
3.33 (3.58 ±
1.82)
2.22 (2.60 ±
1.64)

2.22 (2.71 ±
2.00)
3.00 (3.23 ±
1.99)
3.00 (2.80 ±
1.71)

1.00 (1.65 ±
1.59)
3.00 (3.06 ±
1.83)
2.22 (2.52 ±
1.92)

0.0001

1 & 4, 2 & 4, 3
&4
1 & 2, 2 & 3, 2
&4
1 & 2, 1 & 4, 3
&4

2.00 (2.20 ±
1.84)
3.00 (3.26 ±
2.00)
2.50 (2.80 ±
1.80)

3.00 (2.92 ±
1.85)
3.00 (3.34 ±
2.05)
3.33 (3.35 ±
2.01)

2.11 (2.33 ±
2.04)
3.00 (3.30 ±
1.98)
2.22 (2.71 ±
1.75)

2.22 (2.69 ±
1.95)
3.00 (3.27 ±
1.98)
2.22 (2.62 ±
1.76)

1.11 (1.61 ±
1.59)
3.33 (3.05 ±
1.86)
2.93 (2.84 ±
1.63)

0.0001

P-value based on Kruskal-Wallis non-parametric one-way ANOVA comparison of medians
Significance established at P<0.05 based on the Dunn nonparametric pairwise comparison test
c
T2 = 6 months postpartum
d
T3 = 12 months postpartum
e
n.s. = no significant comparisons were found
f
NA= “Not applicable”; allostatic load values do not have an established threshold for risk
b

0.1798
0.1495

0.7942

1 & 2, 1 & 4, 2
& 4, 3 & 4
n.s.

0.3636

n.s.

Table 5.5: Stratified Multiple Linear Regression Model of Associations Between Breastfeeding Duration and Allostatic Load at
Six Months Postpartum (T2) for Black (n=759), Hispanic (n=328) and White mothers (n=330) in the Community Child Health
Research Network
βa

SEb

P

95% CIc

Black
(n=759)
Breastfeeding
duration
Never breastfed
< 1 month

SE

P

95%
CI

Hispanic
(n=328)
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refd
0.35

ref
0.19

ref
0.068

≥ 1 month to < 6
months
≥ 6 months

-0.0051

0.18

0.98

-0.28

0.23

0.23

Maternal age

0.040

0.016

0.015

Maternal
education
< high school
High school
graduate
Some college

ref
-0.11

ref
0.21

ref
0.61

-0.011

0.24

0.97

-0.42

0.37

0.25

ref
-0.23

ref
0.18

ref
0.19

-0.18

0.20

0.39

≥ 4-year college
degree
Federal
Poverty Level
≤ 100%
> 100% to ≤
200%
>200%

β

β

SE

P

95% CI

ref
-0.50,
0.65
-0.49,
0.67
-1.35, 0.21
-0.023,
0.060

White
(n=330)

ref
-0.026,
0.73
-0.36,
0.35
-0.73,
0.18
0.0076,
0.072

ref
-0.64

ref
0.40

ref
0.11

-0.63

0.38

0.10

-0.91

0.39

0.021

0.031

0.021

0.14

ref
-0.51,
0.30
-0.48,
0.46
-1.16,
0.31

ref
-0.077

ref
0.21

ref
0.72

0.13

0.32

0.68

-0.63

0.48

0.19

ref
-0.58,
0.11
-0.58,
0.22

ref
0.21

ref
0.21

ref
0.31

0.091

0.34

0.79

ref
-1.43,
0.15
-1.38,
0.13
-1.67,
-0.14
-0.010,
0.071

ref
0.076

ref
0.29

ref
0.80

0.090

0.29

0.76

-0.78

0.29

0.008

0.018

0.021

0.39

ref
-0.50,
0.35
-0.50,
0.77
-1.58,
0.31

ref
0.37

ref
0.48

ref
0.44

0.35

0.51

0.49

0.28

0.56

0.61

ref
-0.20,
0.62
-0.58,
0.76

ref
-0.42

ref
0.30

ref
0.16

-0.64

0.32

0.048

ref
-0.58,
1.32
-0.65,
1.34
-0.82,
1.39

ref
-1.00,
0.17
-1.28, 0.0053

Study center
Baltimore

0.28

0.32

0.39

Chicago suburb

0.76

0.38

0.047

Los Angeles
North Carolina
counties
Washington
D.C.
Smoking
No
Yes

ref
0.28

ref
0.33

ref
0.40

0.32

0.32

0.32

ref
0.12

ref
0.19

ref
-0.087

Marital status
Not married
Married
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Pre-pregnancy
BMI
Constant
a

-0.35,
0.90
0.011,
1.50
ref
-0.37,
0.93
-0.31,
0.94

NA

NA

NA

NA

1.18

0.37

0.002

0.063

0.24

0.79

0.54

0.34

0.12

ref
1.13

ref
0.87

ref
0.20

ref
1.089

ref
0.40

ref
0.007

0.40

0.30

0.19

-0.40,
0.53
ref
-0.58,
2.84
-0.20,
1.00

0.89

0.50

0.078

ref
0.52

ref
-0.25,
0.50

ref
-0.26

ref
0.41

ref
0.52

ref
-1.06,
0.54

ref
-0.081

ref
0.23

ref
0.73

ref
-0.54,
0.38

ref
0.23

ref
0.71

ref
-0.46

ref
0.21

ref
0.032

ref
0.24

ref
0.29

0.011

<0.0001

0.13

0.018

<0.0001

0.095

0.017

<0.0001

-0.21

0.55

0.70

-0.92

0.80

0.25

ref
-0.88,
-0.040
0.096,
0.17
-2.51,
0.67

ref
0.26

0.082

ref
-0.54,
0.37
0.061,
0.10
-1.30,
0.88

-1.21

0.80

0.13

ref
-0.54,
0.38
0.060,
0.13
-2.78,
0.36

Adjusting for all other independent variables in the model
standard error
c CI= confidence interval
d
ref= reference category
b SE=

0.44,
1.91
-0.14,
1.22
ref
0.31,
1.87
-0.10,
1.89

Table 5.6: Stratified Multiple Linear Regression Model of Association Between Breastfeeding Duration and Allostatic Load at
Twelve Months Postpartum (T3) for Black (n=775), Hispanic (n=358), and White mothers (n=334) in the Community Child
Health Research Network
βa

SEb

P

95% CIc

Black
mothers
(n=775)
Breastfeeding
duration
Never breastfed
< 1 month

SE

P

95% CI

Hispanic
mothers
(n=358)
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refd
-0.021

ref
0.19

ref
0.91

≥ 1 month to < 6
months
≥ 6 months

-0.033

0.19

0.86

-0.45

0.26

0.092

Maternal age

0.036

0.017

0.031

Maternal
education
< high school
High school
graduate
Some college

Ref
-0.17

ref
0.20

ref
0.41

-0.19

0.24

0.43

-0.47

0.38

0.22

Ref
0.027

ref
0.17

ref
0.88

≥ 4-year college
degree
Federal Poverty
Level
≤ 100%
> 100% to ≤ 200%

β

β

SE

P

95% CI

ref
-1.05,
0.26
-0.74,
0.51
-1.42, 0.18
-0.032,
0.051

White
mothers
(n=334)

ref
-0.40,
0.36
-0.41,
0.34
-0.97,
0.075
0.0032,
0.068

ref
-0.31

ref
0.39

ref
0.42

-0.37

0.38

0.33

-0.17

0.40

0.68

-0.021

0.020

0.28

ref
-0.56,
0.23
-0.65,
0.28
-1.21,
0.28

ref
-0.014

ref
0.20

ref
0.94

0.045

0.31

0.89

0.082

0.51

0.87

ref
-0.31,
0.37

ref
-0.10

ref
0.19

ref
0.61

ref
-1.08,
0.45
-1.13,
0.38
-0.97,
0.64
-0.060,
0.018

ref
-0.40

ref
0.33

ref
0.24

-0.12

0.32

0.72

-0.80

0.31

0.012

0.0095

0.021

0.65

ref
-0.41,
0.39
-0.57,
0.66
-0.91,
1.08

ref
0.030

ref
0.49

ref
0.54

0.64

0.52

0.22

0.37

0.56

051

ref
-0.48,
0.28

ref
-0.73

ref
0.32

ref
0.023

ref
-0.66,
1.26
-0.39,
1.67
-0.73,
1.47

ref
-1.36,
0.10
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>200%

0.024

0.21

0.91

-0.40,
0.45

-0.11

0.32

0.72

-0.73,
0.51

-0.77

0.35

0.027

-1.45, 0.089

Study center
Baltimore

0.10

0.28

0.71

NA

NA

NA

NA

0.73

0.34

0.032

Chicago suburb

-0.077

0.35

0.82

0.14

0.23

0.54

0.31

0.90

Ref
-0.32

ref
0.29

ref
0.28

ref
-1.10

ref
1.01

ref
0.28

ref
0.31

ref
0.38

ref
0.41

-0.32

0.28

0.26

0.48

0.27

0.08

-0.31,
0.58
ref
-3.09,
0.88
-0.052,
1.017

-0.039

Los Angeles
North Carolina
counties
Washington D.C.

-0.44,
0.65
-0.76,
0.60
ref
-0.90,
0.26
-0.87,
0.23

-0.13

0.52

0.80

0.062,
1.39
-0.64,
0.57
ref
-0.43,
1.06
-1.14,
0.89

Smoking
No
Yes

Ref
0.46

ref
0.18

ref
0.013

ref
0.098,
0.82

ref
0.29

ref
0.37

ref
0.94

ref
-0.71,
0.77

ref
-0.065

ref
0.25

ref
0.80

ref
-0.56,
0.43

Marital status
Not married
Married

Ref
0.11

ref
0.23

ref
0.64

ref
-0.0073

ref
0.20

ref
0.97

ref
0.25

ref
0.46

0.011

<0.0001

0.13

0.017

<0.0001

0.094

0.019

<0.0001

-0.020

0.52

0.97

-0.086

0.77

0.91

ref
-0.40,
0.38
0.099,
0.17
-1.62,
1.45

ref
-0.18

0.093

ref
-0.34,
0.55
0.072,
0.11
-1.04,
1.00

-0.054

0.78

0.95

ref
-0.68,
0.31
0.056,
0.13
-1.49,
1.60

Pre-pregnancy
BMI
Constant
a

Adjusting for all other independent variables in the model
SE= standard error
c CI= confidence interval
d ref= reference category
b

CHAPTER 6
RESILIENCY AND BREASTFEEDING DURATION: A POSITIVE DEVIANCE
APPROACH
6.1 Background
Improving breastfeeding rates continues to be a public health priority in the U.S.;
Healthy People 2030 goals include increasing the proportion of infants who are
exclusively breastfed for six months to 42.4%, and who are breastfed at 1 year to
54.1%.234 However, current rates are lagging, with the latest national data from infants
born in 2018 indicating that only 25.8% of infants exclusively breastfed for six months
and 35% breastfed at 1 year.30 Therefore, stronger breastfeeding advocacy and support
are needed to achieve national goals.
One way to strengthen breastfeeding support is to illuminate and bolster the
elements that contribute to women’s resiliency and success in breastfeeding. This aligns
with asset-based approaches to promote health, which elicit practices that bring strength
and resilience to a population and cast members of the target population as leaders in
resolving the public health concern.235–238 Asset-based approaches contrast with deficit
models which emphasize the problems and needs and cast negativity on a target
population’s situation and capability.237
One asset-based approach that has emerged recently in breastfeeding research and
advocacy is the positive deviance approach.177–179 The positive deviance approach can
identify, encourage, and support culturally relevant, positive adaptive behaviors, which is
important for resolving racial disparities in breastfeeding.239
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The positive deviance approach to health promotion has been used since the
1970s to improve maternal and child health, particularly in resource-scare
communities.175,176 It is based on the awareness that within a community at risk of poor
health outcomes, certain individuals (i.e., positive deviants) experience positive health
outcomes despite exposure to risk and thus carry the keys to resilience. The positive
deviance approach posits that solutions to improving health outcomes lie within the
community and rely on resources that already exist and that are accessible to community
members. By identifying conditions (e.g., beliefs and practices) that allow positive
deviants to be resilient despite risk, and by replicating these conditions within the
community, improved health outcomes for the wider community can be realized.175,176
Prior studies have identified important factors that contribute to success in
breastfeeding, such as in-hospital breastfeeding support,177–179 encouragement from the
Special Supplemental Program for Women, Infants, and Children (WIC) peer
counselors,178 family support,178 personal pride, commitment, and self-efficacy in coping
with adversity,177,178 and self-advocacy,129,130 which help to overcome risks such as low
education,179 return to work,178 and structural racism.127,129,130 However, there is still a
scarcity of studies using the positive deviance approach, and there are several limitations
to these studies. Qualitative studies using the positive deviance approach177,178 have been
limited by small sample sizes and lack generalizability to larger geographic areas and to
multiple racial and ethnic groups. Although one quantitative study179 drew from a
relatively large sample (n=2036), the sample was limited to mothers enrolled in WIC in
Louisiana, examined only breastfeeding initiation (not duration) as the positive deviant
behavior, and did not explore important resiliency factors (e.g., self-esteem) that may
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have facilitated breastfeeding. Our study attempts to fill these gaps by using a larger
sample size with greater diversity, exploring a range of resiliency variables, and
examining breastfeeding duration as the positive deviant behavior, while applying the
positive deviance approach. Our study aims to: 1) Identify positive deviants who
breastfed for longer duration (i.e., ≥ 3 months) despite being at high risk for not
breastfeeding for longer duration; 2) Explore key resiliency factors that enabled positive
deviants to breastfeed; and 3) Examine differences in these resiliency factors by race and
ethnicity of positive deviants. Results of the study will provide evidence for the planning
of culturally relevant breastfeeding interventions that utilize resources which are
accessible and available to communities at risk.

6.2 Methods
6.2.1 Design
This study is a secondary analysis of prospective cohort data generated by the
Community and Child Health Network (CCHN). To increase community participation,
commitment, relevancy, and benefit, CCHN implemented principles of Community
Based Participatory Research (CBPR) and designed research instruments through close
collaboration between community representatives and academic researchers.5,10 CCHN
research protocol was approved by ethics review boards of each of the participating
CCHN research sites, and the Human Research Protection Office of the University of
Massachusetts Amherst determined that our proposed study did not require additional
IRB approval due to the nature of the secondary analysis.
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We apply the positive deviance approach by following the “steps in applying
positive deviance to existing data” as described by Walker et al.240 Briefly, these steps
involve first confirming the appropriateness and comprehensiveness of the dataset for
examining the health issue of interest (i.e., breastfeeding), then defining and identifying
the positive deviants (i.e., participants who breastfed ≥ 3 months despite exposure to risk)
in the dataset, and finally comparing positive deviants with other cases in the dataset (i.e.,
participants who breastfed 0-< 3 months and exposed to risk) and interpreting the
findings.

6.2.2 Setting and Relevant Context
CCHN recruited participants from 5 catchment sites drawing from urban
(Baltimore, Maryland; Washington D.C; Los Angeles, California), suburban (Lake
County, Illinois), and rural areas (7 counties in North Carolina), with sufficient diversity
to allow for analyses of differences by race, ethnicity, and socioeconomic status. 5,10,79
Mothers were recruited between 2008 and 2010 at the birth of their child at hospitals, and
followed for 2 years.5,79 The 2010 Breastfeeding Report Card shows that around the time
of the study, 75% of U.S. infants initiated breastfeeding, 43% breastfed at 6 months, <4%
of births occurred at Baby Friendly facilities, and the national average score for Maternity
Practices in Infant Nutrition and Care (mPINC) was 65 out of 100.241 Comparing state
statistics for our 5 study site locations, California had the highest mPINC score (73) and
highest breastfeeding initiation (86.6%) and 6-month breastfeeding (53.8%).241
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6.2.3 Sample
Our study includes 2109 postpartum women who provided information on
breastfeeding duration, out of 2510 women recruited in the CCHN cohort. Women were
eligible to participate in CCHN at the time of childbirth if they were aged 18-40 years
and self-identified as Black or African American, White, or Hispanic. Additional
information on CCHN research protocol and eligibility criteria can be found in other
publications.5,79

6.2.4 Data Collection and Variable Measurement
Our study utilizes data from hospital chart reviews at the time of recruitment (T0),
and self-reported data collected via administered questionnaires at T0 and approximately
1 month (T1) and 6 months (T2) postpartum. Hospital chart reviews provided
information on the following variables: maternal age, parity, birth method (Cesarean vs.
vaginal), preterm birth, delivery of low birthweight infant, and hospital introduction of
formula. The latter was established if the feeds at discharge indicated “formula” or
“formula and breastmilk”. Maternal race/ethnicity was determined at T0 when mothers
were asked to self-identify as Black or African American, Hispanic, or White. At T0,
mothers were also asked if in the last 12 months they participated in WIC, food stamps,
and Temporary Assistance for Needy Families (TANF). Demographic data on household
income, maternal education, marital status, employment status, nativity, and co-resident
grandparent were based on self-reported data collected via interviewer-administered
questionnaires at T1. We used validated measures of stress and resiliency, 5 and details on
the measurement of these variables are provided in Table 6.1.
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Breastfeeding duration was based on data collected at 1 and 6 months postpartum.
Participants reported whether they had ever breastfed at both timepoints, and those who
had breastfed were followed up with questions about how long they breastfed and
whether they were still breastfeeding. We dichotomized breastfeeding duration as
breastfed 0-< 3 months or ≥ 3 months, based on considerations of data distribution,
wanting to have an adequate positive deviant sample size to maintain 80% power, and
following the 3-month national breastfeeding monitoring and reporting timepoint.

6.2.5 Data Analysis
STATA 17.0223 was used for all statistical analyses and significance was
established when 95% confidence intervals did not cross 1 for logistic regression and
P<0.05. For variables with missing data, we used pooled estimates from 10 imputations
to retain a full sample size in all multiple logistic regression analyses.

6.2.5.1 Identifying the positive deviant sample
To identify positive deviants (i.e., participants who breastfed for ≥ 3 months
despite risk), we first identified the strongest risk factor hindering breastfeeding duration.
Following the steps described by Walker et al.,240 we carried out a situational analysis,
examining the distribution of a wide variety of potential risk factors, including variables
related to demographics, health, stress exposure, family breastfeeding history,
breastfeeding support, beliefs about breastfeeding, and institutional exposure. Simple
logistic regression was used to examine unadjusted relationships between risk factors and
breastfeeding duration (i.e., 0 -< 3 vs. ≥ 3 months). Variables that had a significant
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bivariate relationship with breastfeeding duration were entered simultaneously into a
multiple logistic regression model, and we compared effect sizes, confidence intervals,
and p-values. The same process was repeated among subsamples of participants who selfidentified as Black, White, and Hispanic. We chose the most important risk factor
hindering breastfeeding based on the strength of the effect size and consistency of effect
across racial and ethnic groups. Our positive deviant sample was then identified by cross
classifying participants who were exposed to the strongest risk factor yet breastfed ≥ 3
months.

6.2.5.2 Exploring resiliency factors among positive deviants
Our final analytical sample included only participants who were exposed to the
strongest risk factor. Simple and multiple logistic regression was used to compare
resiliency factors (i.e., predictors) of positive deviants with participants who were
similarly at risk but who breastfed 0-< 3 months. We decided a-priori to include age,
race/ethnicity, education, household poverty status, and study center in multiple logistic
regression models due to prior research establishing these predictors of breastfeeding.
Other predictors were chosen for the final multiple logistic regression model based on
statistical significance (P<0.05) in bivariate models and theoretical justification. Finally,
stratified logistic regression analyses were conducted to examine resiliency factors
associated with breastfeeding ≥ 3 months among Black, White, and Hispanic participants.
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6.3 Results
6.3.1 The Positive Deviant Sample
We explored a variety of risk factors hindering breastfeeding for ≥ 3 months
(Table 6.2) and found hospital introduction of formula to have the strongest effect size in
the complete sample (n=2109) (Table 6.3). When controlling for other risk factors,
mothers who were introduced to formula in hospitals had 65% lower odds of
breastfeeding ≥ 3 months compared to mothers who were not introduced to formula in
hospitals (OR 0.35, 95% CI: 0.27, 0.46) (Table 6.3). Hospital introduction of formula
also appeared consistently to be a strong risk factor in stratified analyses of Black,
Hispanic, and White participants (Table 6.3). Test of interaction showed no statistically
significant interaction between hospital formula introduction and race/ethnicity. We
narrowed down our final analytical sample to 1090 mothers who were at high risk of not
breastfeeding ≥ 3 months due to receiving formula in the hospital, comparing positive
deviants who breastfed ≥ 3 months despite risk (n=225) to participants who breastfed 0-<
3 months (n=865).

6.3.2 Resiliency Factors Among Positive Deviants
From bivariate analyses, factors that contributed to resiliency of positive deviants
(i.e., associated with breastfeeding ≥ 3 months despite exposure to hospital formula)
spanned variables reflecting demographics, health, stress exposure, resiliency,
breastfeeding history, breastfeeding influence, breastfeeding belief, and non-participation
in government programs (Figure 6.1, Table 6.4). Multiple logistic regression showed that
mothers with the belief that breastfeeding is the ideal method of feeding an infant were
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1.97 times more likely to breastfeed for ≥ 3 months compared to mothers without this
belief (OR 1.97, 95% CI: 1.32, 2.94) (Table 6.5). In addition, mothers were 1.21 times
more likely to breastfeed for ≥3 months with each additional person/group (i.e., baby’s
father, mother’s partner, mother’s mother, father’s mother, other relative, friends,
healthcare provider) who positively influenced the mother to breastfeed (OR 1.21, 95%
CI:1.09, 1.34) (Table 6.5).

6.3.3 Differences in Resiliency Factors by Race and Ethnicity of Positive Deviants
Bivariate analyses stratified by race/ethnicity revealed similar protective
demographic factors across groups, except that not living with a grandparent was only
significant among White mothers (Figure 6.1). While Cesarean delivery increased the
likelihood of breastfeeding ≥ 3 months among Hispanic mothers, the opposite was true
for White mothers, who were more likely to breastfeed ≥ 3 months if they had a vaginal
delivery. Higher levels of spirituality were significant in bivariate models for both Black
and Hispanic mothers, while optimism was significant for White mothers. Variables
related to breastfeeding history, influence, and belief were significant at the bivariate
level for all mothers. Positive deviants were less likely to participate in food stamps
among all groups, and less likely to participate in WIC among Black and White but not
Hispanic mothers. (Figure 6.1)
Stratified multiple logistic regression models showed that believing that
breastfeeding is the ideal method of infant feeding was an important predictor for positive
deviants who identified as Black or White, but not Hispanic (Table 6.6, Figure 6.1).
However, the confidence interval for White mothers was very large, so results should be

125

interpreted with caution. Receiving positive breastfeeding influence was significant for
Black mothers but not others. Having a history of breastfeeding another child seemed to
be the most important factor associated with Hispanic positive deviants, but this factor
was not significant for Black or White mothers in multivariate models. (Table 6.6, Figure
6.1)

6.4 Discussion
This is the first study to use the positive deviance approach to quantitatively
explore factors associated with breastfeeding duration, and in a diverse cohort of Black,
Hispanic, and White mothers from 5 regions in the U.S. We found that hospital
introduction of formula was the strongest risk factor reducing the likelihood of
breastfeeding for ≥ 3 months. Among mothers who were exposed to this risk factor,
having the belief that breastfeeding is the ideal method of feeding an infant, and receiving
positive breastfeeding influence from family, friends, and/or healthcare providers, were
important contributors to maternal resiliency to breastfeed for longer duration. The
positive deviance approach allows researchers to acknowledge and honor the strengths
and assets of individuals and communities, who achieve positive health behaviors or
outcomes despite the challenges and risks they confront, and to identify strategies to
improve health that are achievable and appropriate among high-risk populations.
We identified only one other study by Ma & Magnus 179 that used quantitative
methods in applying the positive deviance approach to examine breastfeeding; but the
study examined breastfeeding initiation, not duration as the outcome. Ma & Magnus
started with a sample of 2,036 WIC-enrolled first-time mothers in Louisiana and
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identified < 12 years of education as the major risk factor for not initiating
breastfeeding.179 While we also found that < high school education was a significant risk
factor, particularly among Black and Hispanic mothers, the effect size of < high school
education was not as strong as hospital introduction of formula in our full sample.
Although Ma & Magnus did not apply hospital practices to define positive deviants like
we did, they found hospital practices to be significantly associated with their positive
deviants (i.e., participants with <12 years education who initiated breastfeeding). They
found that positive deviants were 5.03 times more likely to receive in-hospital
breastfeeding support and 40.34 times more likely to breastfeed in the hospital compared
to mothers who were at risk and did not initiate breastfeeding.179 Qualitative studies using
the positive deviance approach have similarly identified hospital lactation support to be
an important contributor to long-term breastfeeding.177,178
Our study uniquely explores a large variety of potential risk factors for
breastfeeding duration, including exposure to multiple types of stressors (e.g.,
discrimination, interpersonal violence) that are seldom explored in research related to
breastfeeding. By examining them in one study, we were able to compare the relative
degree of association of each risk factor to breastfeeding duration. While none of the
stressors were significant in the adjusted models, in bivariate models, exposures to
everyday discrimination, perceived stress, interpersonal violence, life stress, and
composite stress were inversely associated with ≥ 3 months breastfeeding. Furthermore,
mothers who experienced food insecurity, and who lived in neighborhoods that were not
safe, were less likely to breastfeed ≥ 3 months. Research examining exposure to stressors,
such as experiences of discrimination,124 interpersonal violence,149 neighborhood
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safety,115 food insecurity,168,169 and financial strain,152 as predictors of breastfeeding are
still too few and inconsistent to draw conclusions. Future research should continue to
explore associations between exposures to these stressors and breastfeeding.
We found that positive deviants were more likely to have a belief that
breastfeeding is the ideal method of infant feeding, superior to formula and mixed
feeding. This finding aligns with research establishing breastfeeding knowledge as a
strong predictor of breastfeeding initiation and duration, including knowledge about the
health benefits of breastfeeding242,243 and about national recommendations for
breastfeeding.244 One study of >2500 mother-infant dyads from the Infant Feeding
Practices Study II cohort in the U.S. found that mothers with more knowledge of health
benefits of breastfeeding, such as reduced likelihood of getting ear infections and
diarrhea, were 11.2 times more likely to initiate breastfeeding and 5.6 times more likely
to breastfeed at 2 months, compared to women with less knowledge of these benefits. 243
The lower estimate (OR 1.97, 95% CI: 1.32, 2.94) in our findings is likely due to our
analytical sample being mothers at high risk of not breastfeeding for longer duration, and
our higher duration cutoff at ≥ 3 months duration. Our study reiterates that believing in
the superiority of breastfeeding is important for supporting longer breastfeeding duration
even for mothers who are exposed to formula feeding in hospitals.
In our final adjusted model, receiving positive influence to breastfeed was
associated with positive deviant behavior of breastfeeding ≥ 3 months, aligning with
research indicating the importance of social support for breastfeeding.51,57 Research
suggests that breastfeeding support from the infant’s father or husbands and partners, 54–
56,245

grandmothers,53 and other families and friends51,57 are particularly important for
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success in breastfeeding. While we did not include the influence of specific
individuals/groups in our main analyses due to the need to reduce the number of
covariates to retain model power, we assessed the specific influences in post hoc
analyses. When comparing the sources of influence in adjusted post hoc models, mothers
receiving positive breastfeeding influence from a healthcare provider had the highest
odds of ≥ 3 month breastfeeding (OR 2.62, 95% CI: 1.59, 4.32), followed by receiving
positive influence from the mother’s mother (OR 2.36, 95% CI: 1.52, 3.65), infant’s
father (OR 2.03, 95% CI: 1.32, 3.12), other relative (OR 2.00, 95% CI: 1.31, 3.04), friend
(OR 1.68, 95% CI: 1.11, 2.54), and father’s mother (OR 1.56, 95% CI: 1.01, 2.41).
Our stratified analyses showed that receiving positive breastfeeding influence was
significant in the adjusted model for Black mothers but not for White or Hispanic
mothers. Prior studies examining contexts for Black mothers who successfully breastfed
for longer duration have similarly found that breastfeeding encouragement and support
from lactation consultants, peer counselors, and other healthcare providers, as well as
from family and friends, were important facilitators of breastfeeding.129,130,177,178
Our race/ethnicity stratified analyses suggested that facilitators of breastfeeding
for positive deviants may differ by racial and ethnic group. For Hispanics, history of
breastfeeding another child was the most pronounced facilitator for positive deviants,
while this factor was not as pronounced for Black and White mothers. Future studies
should continue to explore and compare resiliency factors in different racial and ethnic
groups to gain better understanding of the unique factors that facilitate breastfeeding
among different racial and ethnic groups.
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While we explored many resiliency variables, including mastery, self-esteem,
social support, optimism, collective efficacy, community cohesion, and spirituality, we
were surprised to find that only optimism, community cohesion, and spirituality were
significantly associated with breastfeeding duration at the bivariate level, and none were
significant in adjusted models. It is possible that the measures we used were too
generalized and were not sensitive to capturing the qualities of resilience that support
breastfeeding. Breastfeeding self-efficacy is often cited as a facilitator of breastfeeding
duration,246 yet this variable was not measured in our dataset.

6.5 Limitations
Our study sample was not nationally representative of postpartum women, so our
results are not generalizable to the U.S. population. We limited our study to 2109 women
with data on breastfeeding duration, out of 2510 women in the cohort. It is possible that
those missing breastfeeding duration data were less likely to breastfeed ≥ 3 months, so
we may have introduced bias to our sample. However, assessment of demographics did
not show significant differences between the full cohort and our study sample. Many of
our variables had missing data and while we excluded variables with >30% missing and
used multiple imputation to account for missing data, there’s a chance that our results are
not perfectly reflective of our sample. In final models stratified by race and ethnicity, we
were left with a small analytical subsample of at-risk White mothers (n=133), so caution
is recommended when interpretating results of this group.
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6.6 Conclusions
Our study suggests that hospital-based interventions to provide more
breastfeeding support and advocacy might help reduce the risk of not breastfeeding for a
longer duration. Our study also suggests that strategies focused on increasing knowledge
about the superior qualities of breastfeeding over infant formula or mixed feeding, as well
as supporting family, friends, and healthcare providers to provide breastfeeding support
and to be positive influencers can help build maternal resiliency and support mothers to
breastfeed for at least 3 months.
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Table 6.1: Measurement of Variables Used in Predicting Breastfeeding Duration
Variable

Mother employed

Time data Description of question and/or tool used to collect variable
was
data
collected
T1
“Which of the following best describes you right now? Would you
say you are... (full time = 30 or more hours per week on a regular
basis)” Answers: working full-time; working part-time;
unemployed; on paid leave; on unpaid leave; full-time
homemaker; student; disabled; other
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Smoking

T1

“Have you smoked at least 100 cigarettes in the past 2 years?”

Postpartum
depression

T1

Edinburgh Postnatal Depression Scale, 10 questions, 30 point
scale

Co-parenting
problems

T2

Neighborhood
stability

T2

“How involved is [infant’s father or your partner] in parenting?
How well do you work together as parents? Does he/she ever
undermine your authority or decisions, or criticize your parenting?
How much do you agree on how to raise or care for your new
baby?”
Ratings: 1=exceptional co-parenting; 2=good co-parenting in most
areas; 3=adequate co-parenting; 4=significant problems in most
areas; 5=very poor or absence of co-parenting relationship
Questions related to 3 categories: safety, noise, & familiarity with
neighbors/others in the area, with focus on past 6 months,
combined to form overall rating.

Operational use of
variable
Categorical;
Yes= working full
time; working parttime; student
No= unemployed;
on paid leave; on
unpaid leave; fulltime homemaker;
disabled; other
Categorical;
Yes/No
Categorical;
No: Score 0-9
Yes: Score >9
Categorical;
No: rating 1-3
Yes: rating 4-5

Categorical;
No: rating 1-<3.5
Yes: rating ≥3.5-5

Overall rating: 1=exceptionally safe, quiet, & stable; 2=safe,
moderately quiet, stable; 3=somewhat unsafe, noisy, and unstable;
4=unsafe, noisy, & unstable; 5=significantly dangerous
2 questions:
1. “The food that I/we bought just didn’t last, and I/we didn’t have
money to get more” (last 12 months). Answers: Often true;
sometimes true; never true; don’t know
2. “In the past 12 months, were you ever hungry but didn’t eat
because you couldn’t afford enough food?” Answers: Yes; No;
Don’t know

T1

Everyday
discrimination

T1

Expanded version of the Everyday Discrimination Scale (Williams
et al., 2008) reflecting chronic exposure to discrimination; asks
about exposure to 10 instances of everyday discrimination due to
race, skin color, ancestry, or accent; answers on a 6-point scale for
each instance.

Major
discrimination,
race/skin color

T1

Major
discrimination,
ancestry/accent

T1

Adapted version of Major Experiences of Discrimination Scale
(Williams et al., 2008) reflecting acute exposure to discrimination
due to race or skin color; six questions about unfair treatment over
one’s lifetime in six domains: employment, interactions with the
police, education, housing, applying for a bank loan, and
healthcare
Adapted version of Major Experiences of Discrimination Scale
(Williams et al., 2008) reflecting acute exposure to discrimination
due to ancestry or accent; six questions about unfair treatment over
one’s lifetime in six domains: employment, interactions with the
police, education, housing, applying for a bank loan, and
healthcare
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Food insecurity

Categorical;
No: Answered
“Never true” to
question 1 and “No”
to question 2
Yes: Answered
“Yes” to question 2
or “Often true” or
“Sometimes true” to
question 1
Continuous;
Score range 0-40,
higher points
indicate higher
exposure to
discrimination
Continuous Score
range 0-6, higher
points indicate
higher exposure to
discrimination
Continuous; Score
range 0-6, higher
points indicate
higher exposure to
discrimination
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Pregnancy stress

T1

Ten questions asking mothers about the extent that various
scenarios were stressful during pregnancy (e.g. worries about food,
shelter, housing, transportation; worries about money; family
problems; work problems; pregnancy itself), with responses on a
4-point scale from “no stress” to “severe stress”.
Perceived Stress Scale, 10 question asking broad questions about
the frequency of feelings of stress since birth of index child (e.g.
upset about something that happened unexpectedly, unable to
control important things, felt nervous or stressed), with responses
on a 5-point scale ranging from “never” to “almost always”.
Hurt, Insult, Threaten, Scream (HITS) screening tool, 5 questions
asking mothers the frequency their partner/spouse or anyone in the
household physically hurt them, insult or talk down to them,
threaten them, scream or curse at them, and restrict their actions,
with responses on a 5-point scale from “never” to “frequently”.
Based on 6 questions on neighborhood environment, family
relationships, partner relationships, coparenting with baby’s father
and/or with partner, with responses on 5-point scales.

Perceived stress

T1

Interpersonal
violence

T1

Life stress

T2

Financial stress

T1

5 questions about financial stability, ability to pay bills, and ability
to buy food. Each question was scaled to represent 1 point.

Stressful life
events

T1

25 questions asking about events that happened in the past year to
the respondent or someone close to the respondent, such as the
death of someone close, natural disasters, medical issues,
separation or divorce, issues with drugs or alcohol, incarceration,
extra pressure at school and work, with follow-up questions about
how the events impacted respondent. Answers were on a 7-point
scale from “very positive” to “very negative”.

Continuous;
Score range 10-40,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 0-40,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 5-25,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 1-5,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 0-5,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 1-7,
higher points
indicate higher
exposure to stressor

Stress composite
score

Mastery

Self-esteem
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Social support

Optimism

Collective efficacy

Community
cohesion

NA
We established quartiles for each of 7 stressors (i.e., everyday
(analytical discrimination, pregnancy stress, interpersonal violence, perceived
composite) stress, stressful life events, financial stress, life stress), assigned 1
point to participants who fell in upper quartile and summed the
points.
T1
Modified 7-item Mastery Scale. Mothers were asked to reflect on
their general feelings about themselves and report their agreement
with 7 statements on a 5-point scale from “strongly disagree” to
“strongly agree”. Example statement: “There is no way I can
solve some of the problems I have.”
T1
Based on 6 statements that were modified from the 10-item
Rosenberg Self-Esteem Scale; Mothers were asked to reflect on
their general feelings about themselves and to report their level of
agreement on a 5-point scale from “strongly disagree” to “strongly
agree”. Example statement: “I feel that I’m a person of worth, at
least on an equal basis with others.”
T1
Medical Outcomes Study (MOS) Social Support Survey, 19-item
measure of perceived social support across multiple dimensions,
including emotional support, tangible support, affectionate
support, and positive social interaction, with responses on a 5point scale.
T2
8-item Life Orientation Test; Mothers responded to 8 statements
on a 5-point scale from “I agree a lot” to “I disagree a lot”.
Examples statement: “In uncertain times, I usually expect the
best.”
T1
Based on 10-item scale. Mothers were asked to respond on a 5point scale, from “strongly disagree” to “strongly agree”, to 10
statements. Statement example: “If there is a problem around here,
the neighbors get together to deal with it”.
T1
13 items from the Sense of Community Index; Mothers were
asked to report how they felt about their neighborhood by

Continuous;
Score range 0-7,
higher points
indicate higher
exposure to stressor
Continuous;
Score range 7-35,
higher points
indicate more
mastery
Continuous; Score
range 6-30, higher
points indicate more
self-esteem

Continuous; Score
range 0-100, higher
points indicate more
support
Continuous; Score
range 8-40, higher
points indicate more
optimism
Continuous; Score
range 10-50, higher
points indicate more
collective efficacy
Continuous; Score
range 13-65, higher

Spirituality

Resilience
composite score
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Mother breastfed
as infant

responding to statements on a 5-point scale from “I agree a lot” to
“I disagree a lot”. Example statement: “If there is a problem in this
neighborhood people who live here can get it solved”.
T2
Based on Fetzer Multidimensional Measurement of
Religiousness/Spirituality for Use in Health Research (MMRS);
Mothers were asked 4 questions: 1) “To what extent do you find
strength and comfort in your religion?” 2) “To what extent do you
consider yourself a spiritual person?” 3) “To what extent do you
feel deep inner peace or harmony” 4) “To what extent would you
say you experience a divine presence in your life?” Standardized
z-scores based on 4- and 6-point scales were summed for overall
score.
NA
We established quartiles for each of 7 resiliency variables (i.e.,
(analytical mastery, self-esteem, social support, optimism, collective efficacy,
composite) community cohesion, spirituality), assigned 1 point to participants
who fell in upper quartile and summed the points.
T2
1 question: “Were you breastfed as an infant?” Answers: “Yes”,
“No”, or “I don’t know”.

Maternal history of
breastfeeding
another child

T2

1 question: “If you have other children, did you breastfeed them
for any time at all?” Answers: “Yes”, “No”, or “No other
children”.

Mother’s mother
breastfed any
children

T2

1 question: “Did your mother, or the woman who raised you, ever
breastfeed any children?” Answers: “Yes”, “No”, or “I don’t
know”.

points indicate more
community
cohesion
Continuous;
Standardized zscores, higher
scores indicate
more spirituality

Continuous; Score
0-7, higher scores
indicate more
resiliency
Categorical:
Yes= “Yes”
No= “No”
Missing= “I don’t
know”
Categorical: Yes=
“Yes”
No= “No” or “No
other children”
Categorical:
Yes= “Yes”
No= “No”
Missing= “I don’t
know”

Mother received
positive
breastfeeding
influence

T2

Belief that
breastfeeding is
ideal

T2
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Mothers were asked to first report the people who influenced their
infant feeding practices by responding with “Yes” or “No” to a list
of people, including “baby’s father,” “current partner (if not
baby’s father),” “mother or woman who raised you,” “woman who
raised your baby’s father,” “other relative,” “health
professional(s),” “friend(s)”. If mothers answered “Yes” to any
person, they were then asked to report whether the person/group
was “supportive of breastfeeding,” “neutral,” or “not supportive of
breastfeeding.” Mothers were assigned 1 point for each of 7
people/groups they answered “Yes” and “supportive of
breastfeeding”, and points were summed to reflect number of
people/groups who gave them positive support.
1 question: “Families have many different situations and there are
many different ways to feed a baby. Which of the following
statements is closest to your personal opinion? The best way to
feed a baby is:”
Answer options: “Breastfeeding,” “a mix of both breast and
formula feeding”, “formula feeding”, “either breastfeeding or
formula feeding (they are equally good ways to feed a baby)”, “I
don’t know”

Continuous: Score
0-7, higher points
indicate more
positive
breastfeeding
influence

Categorical:
Yes=
“Breastfeeding”
No= ““a mix of
both breast and
formula feeding”,
“formula feeding”,
“either
breastfeeding or
formula feeding”

Table 6.2: Situational Analysis, Distribution of Risk Factors of Breastfeeding Duration (n=2109)
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Race/ethnicity
Black
Hispanic
White
Education
< high school
High school graduate
Some college but not 4 year
degree
4 year degree or higher
Federal Poverty Level
≤ 100%
>100% to ≤200%
>200%
Study Center
Baltimore
Chicago
Los Angeles
North Carolina
Washington, DC
Mother employed
No
Yes
Nativity

Breastfed 0<3months
N=1416
N(%)

Breastfed
≥3months
N=693
N(%)

Crude OR

P-value

933 (65.9)
241 (17.0)
242 (17.1)

264 (38.1)
211 (30.5)
218 (31.5)

0.31 (0.25, 0.39)
Ref
0.97 (0.75, 1.26)

<0.0001

305 (22.0)
707 (50.9)
292 (21.0)

94 (14.1)
222 (33.3)
176 (26.4)

0.15 (0.11, 0.21)
0.15 (0.11, 0.20)
0.29 (0.21, 0.40)

<0.0001
<0.0001
<0.0001

84 (6.1)

174 (26.1)

Ref

735 (51.9)
399 (28.2)
282 (19.9)

211 (30.5)
187 (27.0)
295 (42.6)

0.27 (0.22, 0.34)
0.45 (0.35, 0.57)
Ref

<0.0001
<0.0001

377 (26.6)
291 (20.6)
145 (10.2)
322 (22.7)
281 (19.8)

115 (16.6)
215 (31.0)
120 (17.3)
86 (12.4)
157 (22.7)

0.37 (0.27, 0.51)
0.89 (0.66, 1.20)
Ref
0.32 (0.23, 0.45)
0.68 (0.49, 0.92)

<0.0001
0.458

1029 (72.9)
383 (27.1)

511 (75.0)
170 (25.0)

Ref
0.89 (0.72, 1.10)

0.830

<0.0001
0.013

0.294
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Born in U.S.
Born outside of U.S.
Married
No
Yes
Co-resident grandparent
No
Yes
Parity
First child
One previous child
≥ 2 previous children
Delivery type
Vaginal
Cesarean
Preterm birth
No
Yes
Low birthweight infant
No
Yes
Smoking
No
Yes
Postpartum depression at T1
No
Yes
Co-parenting problems
No
Yes
Neighborhood safety

1250 (88.4)
164 (11.6)

475 (68.6)
217 (31.4)

0.29 (0.23, 0.36)
Ref

<0.0001

1157 (81.7)
259 (18.3)

360 (52.0)
333 (48.1)

0.24 (0.20, 0.30)
Ref

<0.0001

856 (60.8)
553 (39.3)

544 (79.2)
143 (20.8)

Ref
0.41 (0.33, 0.50)

515 (39.6)
481 (37.0)
305 (23.4)

215 (32.0)
261 (38.9)
195 (29.1)

0.65 (0.51, 0.83)
0.85 (0.67, 1.07)
Ref

0.001
0.170

843 (64.1)
472 (35.9)

416 (61.8)
257 (38.2)

0.91 (0.75, 1.10)
Ref

0.315

1206 (85.5)
205 (14.5)

600 (86.7)
92 (13.3)

Ref
0.90 (0.70, 1.18)

0.445

988 (87.6)
140 (12.4)

531 (91.4)
50 (8.6)

Ref
0.66 (0.47, 0.93)

0.018

1078 (76.3)
335 (23.7)

631 (91.3)
60 (8.7)

Ref
0.31 (0.23, 0.41)

<0.0001

1153 (83.6)
227 (16.5)

572 (86.3)
91 (13.7)

Ref
0.81 (0.62, 1.05)

0.112

710 (76.5)
218 (23.5)

571 (86.8)
87 (13.2)

Ref
0.50 (0.38, 0.65)

<0.0001

<0.0001
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No
Yes
Food insecurity
No
Yes
Mother breastfed as infant
No
Yes
Maternal history of
breastfeeding another child
No
Yes
Mother’s mother breastfed
any children
No
Yes
Belief that breastfeeding is
ideal
No
Yes
WIC participation
No
Yes
Food stamps participation
No
Yes
TANF participation
No
Yes
Hospital formula introduction
No

123 (12.8)
838 (87.2)

47 (7.0)
623 (93.0)

0.51 (0.36, 0.73)
Ref

<0.0001

1069 (75.6)
346 (24.5)

565 (82.0)
124 (18.0)

Ref
0.68 (0.54, 0.85)

605 (69.4)
267 (30.6)

235 (35.6)
425 (64.4)

0.24 (0.20, 0.30)
Ref

<0.0001

758 (77.7)
218 (22.3)

352 (51.1)
337 (48.9)

0.30 (0.24, 0.37)
Ref

<0.0001

517 (59.7)
349 (40.3)

188 (28.6)
470 (71.4)

0.27 (0.22, 0.34)
Ref

<0.0001

697 (71.1)
284 (29.0)

266 (38.4)
426 (61.6)

0.25 (0.21, 0.31)
Ref

<0.0001

294 (20.8)
1121 (79.2)

290 (41.9)
403 (58.2)

Ref
0.36 (0.30, 0.44)

<0.0001

679 (48.0)
736 (52.0)

525 (75.8)
168 (24.2)

Ref
0.30 (0.24, 0.36)

<0.0001

1182 (83.6)
232 (16.4)

645 (93.1)
48 (6.9)

Ref
0.38 (0.27, 0.52)

<0.0001

220 (20.3)

339 (60.1)

Ref

0.001

Yes
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Age (yr)
Everyday Discrimination (040)
Major Discrimination,
race/skin color (0-6)
Major Discrimination,
ancestry/accent (0-6)
Pregnancy stress (10-40)
Perceived stress (0-40)
Interpersonal violence (5-25)
Life stress (1-5)
Financial stress (0-5)
Life events (1-7)
Stress composite score (0-7)

865 (79.7)
Mean (SD)
24.1 (4.9)
2.7 (5.1)

225 (39.9)
Mean (SD)
27.9 (5.9)
2.0 (3.6)

0.17 (0.13, 0.21)

<0.0001

1.13 (1.11, 1.15)
0.96 (0.94, 0.98)

<0.0001
0.001

0.3 (0.7)

0.2 (0.6)

0.92 (0.79, 1.06)

0.257

0.09 (0.4)

0.09 (0.4)

1.00 (0.79, 1.26)

0.974

15.8 (4.9)
12.7 (6.6)
6.6 (2.5)
2.1 (0.7)
1.4 (1.1)
5.2 (1.2)
2.1 (1.7)

15.5 (4.3)
11.9 (6.3)
6.2 (2.2)
1.9 (0.6)
1.4 (1.0)
5.3 (1.3)
1.8 (1.7)

0.99 (0.97, 1.01)
0.98 (0.97, 0.99)
0.93 (0.89, 0.98)
0.63 (0.54, 0.73)
0.99 (0.91, 1.08)
1.04 (0.96, 1.12)
0.92 (0.87, 0.97)

0.171
0.005
0.003
<0.0001
0.896
0.314
0.002

Table 6.3: Main Risk Factor Identification. Multiple logistic regression models of
selected variables associated with breastfeeding duration among the full sample
(n=2109), and subsamples of mothers self-identified as Black (n=1197), Hispanic
(n=460), and White (n=442)
Variables
Full sample (N=2109)
Maternal education
< high school
High school graduate
Some college but not 4-year degree
4-year degree or higher
Nativity
Born in U.S.
Born outside of U.S.
Co-resident grandparent
No
Yes
Smoking
No
Yes
Maternal history of breastfeeding
another child
No
Yes
Maternal belief that breastfeeding is
ideal
No
Yes
Food stamps participation
No
Yes
Hospital formula introduction
No
Yes
Mothers self-identified as Black
(n=1197)
Maternal education
< high school
High school graduate
Some college but not 4-year degree
4-year degree or higher
Maternal history of breastfeeding
another child
No
Yes

Adjusted OR (95% CI) SE

P-value

0.40 (0.23, 0.68)
0.48 (0.30, 0.75)
0.73 (0.47, 1.14)
Ref

0.11
0.11
0.16
Ref

0.001
0.001
0.166
Ref

0.53 (0.35, 0.80)
Ref

0.11
Ref

0.003
Ref

Ref
0.70 (0.53, 0.93)

Ref
0.10

Ref
0.012

Ref
0.52 (0.36, 0.74)

Ref
0.10

Ref
<0.0001

0.47 (0.33, 0.67)
Ref

0.08
Ref

<0.0001
Ref

0.47 (0.37, 0.60)
Ref

0.06
Ref

<0.0001
Ref

Ref
0.69 (0.50, 0.96)

Ref
0.11

Ref
0.026

Ref
0.35 (0.27, 0.46)

Ref
0.05

Ref
<0.0001

0.20 (0.077, 0.52)
0.51 (0.25, 1.04)
0.81 (0.40, 1.62)
Ref

0.10
0.19
0.29
Ref

0.001
0.065
0.547
Ref

0.57 (0.35, 0.95)
Ref

0.15
Ref

0.031
Ref
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Maternal belief that breastfeeding is
ideal
No
Yes
Hospital formula introduction
No
Yes
Mothers self-identified as Hispanic
(n=460)
Maternal education
< high school
High school graduate
Some college but not 4-year degree
4 year degree or higher
Maternal history of breastfeeding
another child
No
Yes
Food stamp participation
No
Yes
Hospital Formula Introduction
No
Yes
Mothers self-identified as White
(n=442)
Co-resident grandparent
No
Yes
Smoking
No
Yes
Maternal belief that breastfeeding is
ideal
No
Yes
Hospital Formula Introduction
No
Yes

0.45 (0.32, 0.63)
Ref

0.08
Ref

<0.0001
Ref

Ref
0.33 (0.23, 0.50)

Ref
0.07

Ref
<0.0001

0.20 (0.05, 0.82)
0.16 (0.04, 0.64)
0.18 (0.04, 0.72)
Ref

0.14
0.11
0.13
Ref

0.025
0.009
0.015
Ref

0.29 (0.13, 0.61)
Ref

0.11
Ref

0.001
Ref

Ref
0.35 (0.17, 0.72)

Ref
0.13

Ref
0.005

Ref
0.36 (0.22, 0.61)

Ref
0.07

Ref
<0.0001

Ref
0.23 (0.08, 0.64)

Ref
0.12

Ref
0.005

Ref
0.35 (0.16, 0.75)

Ref
0.14

Ref
0.007

0.19 (0.10, 0.38)
Ref

0.07
Ref

<0.0001
Ref

0.33 (0.17, 0.66)
Ref

0.12
Ref

0.002
Ref

*Models were adjusted for age, maternal education, poverty level, study center, nativity,
marital status, co-resident grandparent, parity, low birthweight, smoking, coparenting
problems, neighborhood safety, food insecurity, everyday discrimination, perceived
stress, interpersonal violence, chronic stress, stress composite score, mother breastfed as
infant, maternal history of breastfeeding another child, mother’s mother history of
breastfeeding, mother received positive breastfeeding support, maternal belief that
breastfeeding is ideal, WIC participation, food stamps participation, TANF participation,
hospital formula introduction.
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Table 6.4: Positive Deviance Analysis, Results of Bivariate Analyses. Comparing
predictors of breastfeeding duration among mothers exposed to risk of formula
introduction in the hospital (n=1090)

Age (yr)
Race/ethnicity
Black
Hispanic
White
Education
< high school
High school graduate
Some college but not 4
year degree
4 year degree or higher
Federal Poverty Level
≤ 100%
>100% to ≤200%
>200%
Study Center
Baltimore
Chicago
Los Angeles
North Carolina
Washington, DC
Mother working at T1
No
Yes
Nativity
Born in U.S.
Born outside of U.S.
Married
No
Yes
Co-resident
grandparent
No
Yes
Parity
First child

BF 0<3months
N=865
Mean (SD)
24.0 (4.8)
N(%)

BF ≥3months
N=225

Crude OR (95%
CI)

P-value

Mean (SD)
27.0 (5.8)
N(%)

1.11 (1.08, 1.14)

<0.0001

605 (69.9)
157 (18.2)
103 (11.9)

93 (41.3)
102 (45.3)
30 (13.3)

Ref
4.23 (3.03, 5.89)
1.89 (1.19, 3.01)

<0.0001
0.007

205 (24.3)
454 (53.7)
154 (18.2)

47 (22.4)
83 (39.5)
48 (22.9)

Ref
0.80 (0.54, 1.18)
1.36 (0.86, 2.14)

0.260
0.184

32 (3.8)

32 (15.2)

4.36 (2.43, 7.82)

<0.0001

465 (53.8)
244 (28.2)
156 (18.0)

87 (38.7)
62 (27.6)
76 (33.8)

Ref
1.36 (0.95, 1.95)
2.60 (1.82, 3.72)

0.096
<0.0001

302 (34.9)
182 (21.0)
97 (11.2)
64 (7.4)

41 (18.2)
53 (23.6)
48 (21.3)
1 (0.4)

<0.0001
0.024

220 (25.4)

82 (36.4)

0.27 (0.17, 0.44)
0.59 (0.37, 0.93)
Ref
0.032 (0.0043,
0.23)
0.75 (0.49, 1.16)

616 (71.5)
245 (28.5)

162 (75.0)
54 (25.0)

1.19 (0.85, 1.68)
Ref

0.311

758 (87.3)
105 (12.2)

128 (56.9)
97 (43.1)

Ref
5.47 (3.92, 7.64)

<0.0001

738 (85.3)
127 (14.7)

139 (61.8)
86 (38.2)

Ref
3.60 (2.59, 4.99)

<0.0001

510 (59.2)
351 (40.8)

166 (75.5)
54 (24.6)

2.12 (1.52, 2.96)
Ref

329 (38.8)

68 (30.6)

Ref
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0.001
0.195

<0.0001

One previous child
≥ 2 previous children
Delivery type
Vaginal
Cesarean
Preterm birth
No
Yes
Low birthweight
infant
No
Yes
Smoking
No
Yes
Postpartum
depression at T1
No
Yes
Co-parenting
problems
No
Yes
Neighborhood
safety/stability
No
Yes
Food insecurity
No
Yes
Everyday
Discrimination (0-40)
Major Discrimination,
race/skin color (0-6)
Major Discrimination,
ancestry/accent (0-6)
Pregnancy stress (1040)
Perceived stress (0-40)
Interpersonal violence
(5-25)
Life stress (1-5)
Financial stress (0-5)
Life events (1-7)

308 (36.3)
211 (24.9)

89 (40.1)
65 (29.3)

1.40 (0.98, 1.99)
1.49 (1.02, 2.18)

0.062
0.040

535 (62.1)
326 (37.9)

135 (60.3)
89 (39.7)

Ref
1.08 (0.80, 1.46)

0.608

746 (86.5)
116 (13.5)

181 (80.4)
44 (19.6)

Ref
1.56 (1.07, 2.29)

0.022

759 (88.1)
103 (12.0)

194 (86.6)
30 (13.4)

Ref
1.14 (0.74, 1.76)

0.557

670 (77.6)
194 (22.5)

204 (91.1)
20 (8.9)

2.95 (1.82, 4.80)
Ref

<0.0001

709 (84.9)
126 (15.1)

183 (85.9)
30 (14.1)

1.08 (0.71, 1.67)
Ref

0.713

419 (77.2)
124 (22.8)

177 (86.3)
28 (13.7)

1.87 (1.20, 2.92)
Ref

0.006

84 (14.8)
482 (85.2)

16 (7.7)
193 (92.3)

Ref
2.10 (1.20, 3.68)

648 (75.0)
216 (25.0)
Mean (SD)
2.7 (5.2)

175 (78.5)
48 (21.5)
Mean (SD)
2.4 (3.9)

1.22 (0.85, 1.73)
Ref

0.281

0.99 (0.96, 1.02)

0.445

0.3 (0.7)

0.2 (0.5)

0.84 (0.65, 1.09)

0.181

0.10 (0.4)

0.12 (0.4)

1.16 (0.82, 1.63)

0.405

Mean (SD)
15.7 (4.8)

Mean (SD)
15.7 (4.5)

1.00 (0.97, 1.04)

0.751

12.6 (6.6)
6.5 (2.5)

12.2 (6.7)
6.3 (2.4)

0.99 (0.97, 1.01)
0.95 (0.88, 1.02)

0.347
0.159

2.1 (0.7)
1.4 (1.1)
5.2 (1.2)

1.9 (0.6)
1.4 (1.1)
5.3 (1.3)

0.68 (0.53, 0.87)
1.06 (0.93, 1.21)
1.06 (0.93, 1.20)

0.002
0.368
0.394
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0.009

Stress composite score
(0-7)
Mastery (7-35)
Self-esteem (6-30)
Social support (0-100)
Optimism (8-40)
Collective efficacy (1050)
Community cohesion
(13-65)
Spirituality
(standardized scores)
Resilience composite
score (0-7)
Mother breastfed as
infant
No
Yes
Maternal history of
breastfeeding another
child
No
Yes
Mother’s mother
breastfed any children
No
Yes
Mother received
positive breastfeeding
influence (range 0-7)
Belief that
breastfeeding is ideal
No
Yes
WIC participation
No
Yes
Food stamps
participation
No
Yes
TANF participation
No
Yes

2.0 (1.8)

2.0 (1.7)

1.00 (0.92, 1.09)

0.935

27.8 (4.1)
25.7 (3.1)
83.7 (18.7)
30.4 (5.2)
33.1 (6.7)

27.7 (3.8)
25.7 (3.0)
81.4 (18.3)
31.7 (5.0)
33.6 (6.9)

0.99 (0.96, 1.03)
1.00 (0.95, 1.05)
0.99 (0.99, 1.00)
1.05 (1.02, 1.09)
1.01 (0.99, 1.03)

0.623
0.985
0.093
0.001
0.336

40.6 (10.9)

42.3 (10.7)

1.01 (1.00, 1.03)

0.046

-0.4 (3.1)

0.4 (3.0)

1.09 (1.03, 1.14)

0.001

1.8 (1.7)

1.9 (1.6)

1.05 (0.96, 1.14)

0.291

N (%)

N(%)

363 (71.7)
143 (28.3)

64 (30.3)
147 (69.7)

Ref
5.83 (4.10, 8.29)

<0.0001

446 (77.3)
131 (22.7)

111 (50.0)
111 (50.0)

Ref
3.40 (2.45, 4.72)

<0.0001

306 (61.8)
195 (38.9)
2.28 (2.02)

49 (23.0)
164 (77.0)
3.80 (2.00)

Ref
5.25 (3.64, 7.57)
1.42 (1.31, 1.53)

<0.0001
<0.0001

420 (72.5)
159 (27.5)

101 (45.1)
123 (54.9)

Ref
3.22 (2.34, 4.43)

<0.0001

162 (18.7)
703 (81.3)

68 (30.2)
157 (69.8)

1.88 (1.35, 2.62)
Ref

<0.0001

397 (45.9)
468 (54.1)

166 (73.8)
59 (26.2)

3.32 (2.39, 4.59)
Ref

<0.0001

676 (78.2)
188 (21.8)

197 (87.6)
28 (12.4)

1.96 (1.28, 3.00)
Ref

0.002
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Table 6.5: Positive Deviance Analysis, Results of Multiple Logistic Regression
Analysis. Predictors of breastfeeding duration among the sample of all mothers
exposed to formula in the hospital (n=1090)
Variables
Maternal age
Race/Ethnicity
Black
Hispanic
White
Maternal education
< high school
High school graduate
Some college but not 4 year degree
4 year degree or higher
Federal Poverty Level
≤ 100%
>100% to ≤200%
>200%
Study Center
Baltimore
Chicago
Los Angeles
North Carolina
Washington, DC
Nativity
Born in U.S.
Born outside of U.S.
Married
No
Yes
Co-resident grandparent
No
Yes
Smoking
No
Yes
Co-parenting problems
No
Yes
Neighborhood safety
No

Adjusted OR (95%
CI)
1.03 (0.99, 1.08)

SE

P-value

0.02

0.194

Ref
1.27 (0.62, 2.59)
0.91 (0.44, 1.90)

Ref
0.46
0.34

Ref
0.512
0.802

Ref
0.94 (0.56, 1.58)
1.35 (0.70, 2.60)
3.23 (1.27, 8.22)

Ref
0.11
0.16
1.53

Ref
0.001
0.166
0.014

Ref
0.90 (0.58, 1.41)
1.22 (0.72, 2.06)

Ref
0.42
0.33

Ref
0.643
0.464

1.28 (0.67, 2.45)
0.67 (0.37, 1.21)
Ref
0.25 (0.031, 2.05)
1.47 (0.83, 2.58)

0.42
0.20
Ref
0.27
0.42

0.450
0.185
Ref
0.197
0.185

Ref
2.56 (1.34, 4.89)

Ref
0.84

Ref
0.004

Ref
1.60 (0.99, 2.58)

Ref
0.39

Ref
0.054

1.25 (0.81, 1.92)
Ref

0.27
Ref

0.317
Ref

1.66 (0.93, 2.95)
Ref

0.49
Ref

0.084
Ref

1.33 (0.62, 2.86)
Ref

0.51
Ref

0.458
Ref

Ref

Ref

Ref
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Yes
1.78 (0.83, 3.81)
0.69
0.137
Chronic stress (1-5)
1.08 (0.68, 1.72)
0.25
0.730
Spirituality (standardized scores) 1.02 (0.95, 1.09)
0.03
0.552
Mother breastfed as infant
No
Ref
Ref
Ref
Yes
1.29 (0.60, 2.76)
0.49
0.504
Maternal history of breastfeeding
another child
No
Ref
Ref
Ref
Yes
1.75 (1.13, 2.70)
0.39
0.012
Mother’s mother breastfed any
children
No
Ref
Ref
Ref
Yes
1.92 (0.92, 4.02)
0.72
0.082
Mother received positive
1.21 (1.09, 1.34)
0.06
<0.0001
breastfeeding influence (range 07)
Maternal belief that
breastfeeding is ideal
No
Ref
Ref
Ref
Yes
1.97 (1.32, 2.94)
0.40
0.001
*Model was adjusted for age, maternal education, poverty level, study center, nativity,
marital status, co-resident grandparent, smoking, coparenting problems, neighborhood
safety, life stress, spirituality, mother breastfed as infant, maternal history of
breastfeeding another child, mother’s mother history of breastfeeding, mother received
positive breastfeeding support, maternal belief that breastfeeding is ideal
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Table 6.6: Race/Ethnicity Stratified Multiple Logistic Regression Results.
Significant predictors associated with breastfeeding duration among mothers selfidentified as Black (n=698), Hispanic (n=259), and White (n=133) who were exposed
to formula in the hospital
Variables

Adjusted OR (95%
CI)

SE

P-value

Mothers self-identified as Black
(n=698)
Mother received positive
1.27 (1.10, 1.46)
0.09
0.001
breastfeeding influence (range 07)
Maternal belief that
breastfeeding is ideal
No
Ref
Ref
Ref
Yes
2.22 (1.29, 3.82)
0.61
<0.0001
Mothers self-identified as
Hispanic (n=259)
Maternal history of breastfeeding
another child
No
Ref
Ref
Ref
Yes
2.01 (1.00, 4.04)
0.72
0.050
Mothers self-identified as White
(n=133)
Maternal belief that
breastfeeding is ideal
No
Ref
Ref
Ref
Yes
9.38 (1.77, 49.64)
7.95
0.009
* Models were adjusted for age, maternal education, poverty level, study center, nativity,
marital status, co-resident grandparent, smoking, coparenting problems, neighborhood
safety, life stress, spirituality, mother breastfed as infant, maternal history of
breastfeeding another child, mother’s mother history of breastfeeding, mother received
positive breastfeeding support, maternal belief that breastfeeding is ideal
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Figure 6.1: Factors Providing Resilience to Positive Deviants in Full Analytical
Sample (n=1090) and Among Mothers Self-identified as Black (n=698), Hispanic
(n=259), and White (n=133)
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CHAPTER 7
A MEDIATION ANALYSIS OF NEIGHBORHOOD DEPRIVATION AND
BREASTFEEDING DURATION BY HOSPITAL FORMULA USE

7.1 Introduction
Neighborhood socioeconomic deprivation, a product of neighborhood segregation
and instigated by discriminatory practices like real estate redlining, is a major driver of
racial and ethnic health inequities in the U.S.95 In the field of maternal and child health,
neighborhood deprivation has been linked to negative perinatal health outcomes, such as
hypertensive disorders of pregnancy,247,248 preterm birth,97,249,250 low birthweight,249,251
postpartum psychosocial distress,100 and postpartum obesity.96 Emerging research also
suggest that neighborhood deprivation may negatively impact health-promoting
behaviors such as breastfeeding.111,114–116 A deeper dive in exploring the link between
neighborhood deprivation and breastfeeding can further our understanding of the
mechanisms leading to maternal and child health inequities and subsequent life course
trajectories.
Neighborhood/residential characteristics that have been explored in relation to
breastfeeding include the level of urbanization,104–110 availability and access to
breastfeeding support resources,47,103,106,110,115,252–256 racial/ethnic composition,104,111,112
and indicators of neighborhood socioeconomic status including rates of educational
attainment,103,104,111 unemployment,104 household income,103,113 renter-occupied
housing,104 and combined indices of deprivation111,114–116 and affluence.116 Breastfeeding
initiation has been the most common breastfeeding outcome analyzed,104,106–
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109,111,112,114,252

while studies examining breastfeeding duration111,112,252 and exclusivity116

have been more limited.
Findings indicate that women living in urban areas have higher likelihood of
initiating breastfeeding compared to women living in rural areas.103–109 This has been
attributed to urban areas having more community support for breastfeeding such as the
presence of International Board Certified Lactation Consultants,103,254,256 Baby Friendly
Hospitals and organizations like Breastfeeding USA and La Leche League, 103 and higher
quality breastfeeding support services in maternity facilities.110 In addition, women living
in rural areas may have lower exposure to positive messaging around breastfeeding and
breastfeeding role models.253
Research on other neighborhood characteristics have suggested that neighborhood
proportion of residents with college education,104,111 proportion of immigrants,111 and
affluence116 may be positively associated with breastfeeding, while neighborhood
proportion of Black residents,104,111 renter-occupied housing units,104 single femaleheaded households,113 and combined indicators of deprivation or disadvantage111,115,116
may be negatively associated with breastfeeding. However, results have not been
consistent, and the number of studies has been too few to draw conclusions.
The most common explanation for neighborhood deprivation-related lower
breastfeeding rates is the limited availability of high-quality breastfeeding support
services in maternity facilities and within the community.47,103,111,116,257 Lind et al.
examined the quality of breastfeeding support practices in 2,643 hospitals and birth
centers in the U.S. and found that maternity facilities located in zip codes with a higher
proportion of Black residents (>12.2%, the national average for 2007-2010 census

152

period) had poorer quality breastfeeding support.47 These facilities were less likely to
support mothers to initiate breastfeeding within 1 hour of birth, to limit use of infant
feeding supplements, to have infants practice rooming in with mothers, to limit use of
pacifiers, and to provide post-discharge support to breastfeeding mothers, compared to
facilities located in zip code with a lower proportion of Black residents (≤12.2%).47
Differences in hospital-based practices may be an important explanation for
neighborhood deprivation-associated lower breastfeeding rates, but this mechanism has
not been fully explored.
In-hospital formula feeding is one hospital-based practice that has been found to
differ drastically across hospitals 219,258–260 and practiced more often in hospitals with
poorer quality breastfeeding support.260 For example, one study of 126 New York
hospitals documented rates of in-hospital formula feeding of breastfed babies to vary
from 2.3% to 98.3% in 2014.258 Another study showed that hospitals in the lowest
quartile for Maternal Practices in Infant Nutrition and Care (mPINC) scores (reflecting
fewer breastfeeding support practices) had a 61% average rate of providing formula
compared to 40% in hospitals with in the highest quartile of mPINC scores.260 Hospital
use of formula has also been found to be a significant mediator of racial and ethnic
disparities in breastfeeding initiation and duration,261 contributing to shorter breastfeeding
duration.262 These findings have led us to hypothesize that associations between
neighborhood deprivation and breastfeeding duration may be mediated by hospital
formula use.
This study aims to conduct a mediation analysis testing hospital formula use as a
mediator of the pathway between neighborhood deprivation and breastfeeding duration.
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Using data generated by the Community Child Health Research Network (CCHN), this
study builds on prior research involving this cohort. We apply two previously defined
neighborhood deprivation indices developed for the CCHN cohort96 to examine
associations with breastfeeding duration and the extent of mediation by hospital formula
use.

7.2 Methods
7.2.1 Study Design and Sample
This study is a secondary analysis of prospective cohort data generated by the
Community Child Health Research Network (CCHN). CCHN was a collaborative
partnership between researchers and community representatives built on Community
Based Participatory Research principles.5,10 Between the years 2008-2010, CCHN
recruited 2510 mothers at the birth of their child at hospitals or birthing centers and
followed them for 2 years at multiple time points (1, 6, 12, and 24 months postpartum).
5,79

Women were eligible to participate if they were aged 18-40 years, self-identified as

Black or African American, White, or Hispanic, and resided in one of the following five
study areas for at least 6 months: 1) Baltimore, Maryland; 2) Washington D.C; 3) Los
Angeles, California; 4) Lake County, Illinois, suburb of Chicago; 5) 7 rural counties in
North Carolina. Study protocol was approved by the Research Ethics Boards at the
institutions affiliated with each of the five CCHN study sites. Information on additional
CCHN eligibility criteria and research protocol can be accessed from other
publications.5,10,79,96 Our study sample includes 2109 women who provided information
on breastfeeding duration.
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7.2.2 Variable Measures
7.2.2.1 Breastfeeding Duration
Data on breastfeeding duration was collected at 1 and 6 months postpartum via
administered questionnaires. At both time points, mothers were asked if they ever
breastfed the index infant and if they were still breastfeeding. Mothers who initiated
breastfeeding but stopped at the time of the survey were asked how long they breastfed,
and responses were recorded in days, weeks, or months. We converted breastfeeding
duration data to the unit of weeks, and mothers who never breastfed were recorded as “0
weeks”.

7.2.2.2 Neighborhood Deprivation
Two unique neighborhood deprivation indices were developed for the CCHN
cohort, and details have been published.96 Briefly, the CCHN Community Committee,
which was made up of community members and academic researchers, created and
reviewed a list of community-level variables that were hypothesized to be associated with
stress and related health outcomes, and selected 14 census variables to analyze. Data on
these census variables, available at the census tract or county levels, were geo-referenced
with participant addresses and linked to participants. Principal component analysis was
then applied, loading census variables in sequential stages to generate indices that
captured unique characteristics of the areas in which participants resided, while
accounting for the variance of characteristics across areas. Deprivation Index 1 (DI-1)
accounts for 43.3% of the total variance and represents areas with high percentages of
residents with the following characteristics: Hispanic, foreign-born, with less than a high-

155

school education (among men and women ≥ 25 years), living in crowded housing, and
spending more than 30% of their income on housing. Deprivation Index 2 (DI-2)
accounts for 24.2% of the total variance and represents areas with high percentages of
Black residents, single mothers, and parental unemployment.96 (Figure 7.1)
Lower values on the indices represent lower neighborhood deprivation, while
higher values represent higher neighborhood deprivation. For the mediation analysis, we
created quartiles for each deprivation index (quartiles 1-4; Q1-4), with quartile 1 (Q1)
representing women living in the least deprived areas, and Q4 representing women living
in the most deprived areas.

7.2.2.3 Hospital Formula Use
Hospital charts for mothers from the time of childbirth was used to determine
whether infants received formula in the hospital. We created a binary variable for hospital
formula use (yes/no, coded 1/0 respectively), assigning 1 (yes) to mothers if feeds at
discharge indicated “formula” or “formula and breastmilk”, and 0 (no) to mothers if feeds
at discharge indicated “breastmilk only”.

7.2.2.4 Covariates
Data on covariates were collected at the time of participant recruitment around the
time of childbirth and at 1 month postpartum. Race/ethnicity was self-reported at the time
of recruitment, when participants were asked which race/ethnicity category they most
strongly identified with from the options: “Black or African American”, “White”, or
“Hispanic”. Review of hospital charts at the time of childbirth provided data on maternal
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age and whether the infant was born preterm. Study center was indicated on recruitment
records. Data on Federal Poverty Level (FPL), maternal education, marital status,
smoking, and nativity were collected at 1 month postpartum via administered
questionnaires. To determine participant’s Federal Poverty Level (≤100%, >100%≤200%, >200%), participants’ self-reported household income for total household size
was compared to Federal Poverty Level thresholds. For the maternal education variable,
mothers were asked the highest level of education they completed, and responses were
collapsed into four categories for our analyses: < high school, high school graduate, some
college but not 4-year degree, and 4-year degree or higher. Marital status (yes/no) was
based on a question about the relationship status. Smoking status (yes/no) was based on
the question: “Have you smoked at least 200 cigarettes in the past 2 years?” To determine
nativity, participants were asked where they were born, and we retained the dichotomous
answers (in the U.S./outside the U.S.).
The covariates in adjusted analyses were determined a-priori based on their
established associations with breastfeeding duration, hypothesized or established
associations with neighborhood deprivation, or importance in controlling for random
effects (i.e., study center). Maternal age, race/ethnicity, education, income, marital status,
and nativity are important demographic variables linked to breastfeeding initiation and
duration in the U.S.34,35 Preterm birth is often considered a risk factor creating barriers for
successful breastfeeding,263 and has also separately been linked to neighborhood
deprivation.97,264 Smoking is an established health-related behavior posing a risk to
breastfeeding initiation and duration,44 and associations have also been found with
neighborhood deprivation.265,266 The covariates were also chosen to maintain consistency
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with variables controlled for in other studies examining the relationship between
neighborhood deprivation and breastfeeding initiation or duration.111,114–116

7.2.3 Statistical Analysis
7.2.3.1 Descriptive Bivariate Analyses
Chi-square was used to examine bivariate associations between categorical
covariates (race, highest educational attainment, % Federal Poverty Level, study center,
marital status, preterm birth, smoking) and hospital formula use. Kruskal-Wallis
nonparametric ANOVA was used to examine associations between categorical covariates
and continuous neighborhood deprivation index values, between categorical covariates
and breastfeeding duration, and between maternal age and hospital formula use.
Spearman Correlation tested the associations between two continuous variables: maternal
age and neighborhood deprivation, maternal age and breastfeeding duration.

7.2.3.2 Missing Data Analysis
Univariate statistics were used to examine the extent of missing data for each
variable, and logistic regression was used to examine missing data patterns. In our
analytical sample of 2109 women with data on breastfeeding duration, data was missing
from the following numbers of participants on each variable: 1366 (65%) on
neighborhood DI-1, 1359 (64%) on DI-2, 460 (22%) on hospital formula use, 55 (3%) on
maternal education, 3 (0.1%) on nativity, 6 (0.3%) on preterm birth, 5 (0.2%) on
smoking. Data was complete for maternal race/ethnicity, age, Federal Poverty Level,
marital status, and study center. Analysis of missing patterns revealed that participants
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with < high school education were more likely to have missing data for DI-1 and DI-2,
and participants who were within the <100% FPL category, smoking, gave birth to a
preterm infant, and from a less deprived neighborhood were more likely to be missing
data on hospital formula use. We determined that the missing patterns were “missing at
random”224 because missingness was not associated with the breastfeeding outcome
although they were related to some independent variables. We used multiple imputation
methods, running 10 imputations and pooling 10 impute values for all variables with
missing data. Multiple imputation produces unbiased estimates for coefficients and
standard errors provided the data is missing at random.224

7.2.3.4 Regression Analyses for Total Effect
Linear regression was used to examine the association between neighborhood
deprivation (primary independent variable) and breastfeeding duration (dependent
variable) to identify the total effect (path C) of the relationship (Figure 7.2). Simple linear
regression was followed by multiple linear regression, which adjusted for all covariates
except for hospital formula use, the mediator variable. Following regression commands,
predicted values of breastfeeding duration were estimated for each quartile of
neighborhood deprivation.

7.2.3.5 Mediation Analysis
We conducted a series of analyses to explore the role of hospital formula use as a
mediator of the relationship between neighborhood deprivation and breastfeeding
duration. Evidence of mediation by hospital formula use was established if the indirect
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effect (through paths A and B in Figure 7.2) was statistically significant.267 For all
analyses, simple analyses not adjusting for confounders were first performed, followed
by analyses adjusting for confounders. Predicted probabilities or values were generated
for each level of the independent variable to facilitate interpretation. We chose to perform
and report unadjusted and adjusted analyses because there is no gold standard for
choosing confounders for a mediation analysis and debate about whether the mediation
effect is overestimated or underestimated when adding confounders.268
First, we used structural equation modeling.269 This method allowed us to
establish the magnitude and statistical significance of the direct effects of A)
neighborhood deprivation on hospital formula use, B) hospital formula use on
breastfeeding duration and C’) neighborhood deprivation on breastfeeding duration with
inclusion of the mediator. (Figure 7.2)
Because the mediator variable (hospital formula use) is binary, we could not
measure the indirect (mediating) effect simply by multiplying the coefficients from A)
and B) above. This is because the coefficient from A) above is estimated by logistic
regression and is hence on the log odds scale. Therefore, we used a second method to
calculate the indirect effect (combining the effects of path A and B). To do this we
estimated two models. The first model is described under regression analyses above,
where the coefficients for neighborhood deprivation gave us the total effect of
neighborhood deprivation on breastfeeding duration. We refer to ‘coefficients’ because
we operationalized neighborhood deprivation as a 4-category variable where each model
iteration compared one quartile of neighborhood deprivation to the quartile set as the
reference category (i.e., quartile 1). We then estimated an additional model which added
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the mediator, hospital formula use, creating coefficients for neighborhood deprivation
reflecting the direct effect of neighborhood deprivation on breastfeeding duration net of
the impact of hospital use of formula on breastfeeding duration. Mathematically, the
indirect effect of neighborhood disadvantage on breastfeeding, in other words the impact
of neighborhood deprivation that works via hospital use of formula, is simply the total
effect – the direct effect.
In order to calculate the statistical significance of the indirect effect, we used
bootstrap methods to calculate standard errors, 95% confidence intervals, and z-statistics
for the indirect effect. Bootstrap techniques use a method of sampling with replacement
from the original data set to create multiple unique data sets (in our case 1000 data sets).
Models are estimated on each of these data sets allowing for the creation of a distribution
of the parameters of interest. Bootstrapping methods have been shown to produce
unbiased and consistent estimates of parameter variances.270 The bootstrapping method is
useful here because calculating the variance of (total effect – direct effect) requires an
estimate of the covariance between the total and direct effects. Because the two models
are estimated separately the estimate of this covariance is not available. The bootstrap
method produces variance for the difference between the total effect and direct effect that
does not require estimating the covariance between the two effects.
To accommodate multiple imputation for handling missing data, we used two
bootstrap methods that take into account the additional variation in the data due to
multiple imputation.271 For both methods, bootstrap techniques were used to estimate
coefficients and standard errors for several single random imputation models. In the first
method, Rubin’s formula was applied to combine and adjust the standard errors from
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each imputation and to create a z score, from which statistical significance was
determined if z < -1.96 or >1.96. In the second method, the coefficients from each
bootstrap iteration and single random imputation were ordered and combined into a
single distribution with 10,000 coefficients (10 imputations * 1000 bootstrap iterations).
The 95% bootstrap confidence interval contained all but the upper and lower 2.5% of
values, and significance was determined when the 95% bootstrap confidence interval did
not cross zero.

7.3 Results
7.3.1 Descriptive Results
In the analytical sample of 2109 postpartum women, mean breastfeeding duration
was 9.11 weeks. Breastfeeding duration was shorter for women who were younger,
Black, not married, born in the U.S., with lower education (high school and < high
school), with household income ≤100% FPL, and who smoked. Participants recruited
from the North Carolina study site had the shortest average breastfeeding duration (5.97
weeks), and participants from Baltimore similarly had short average breastfeeding
duration (6.57 weeks) compared to participants from Los Angeles who had the longest
average breastfeeding duration (12.86 weeks). (Table 7.1)
Participants with higher neighborhood index 1 values (representing living in
higher deprivation neighborhoods) were younger, self-identified as Hispanic, had < high
school education, had low income (≤100% FPL), were not married, were born outside the
U.S., and lived in Los Angeles. On the other hand, participants with higher neighborhood
index 2 values were younger, self-identified as Black, graduated high school, had low
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income, were not married, were born in the U.S., and lived in Washington D.C. and
Baltimore, MD. Participants who used formula in the hospital were more likely to be
younger, Black, not married, born in the U.S., smoke, have lower education and income,
and have had a preterm birth. A higher proportion of participants living in Baltimore used
formula in hospitals (76%) compared to other study sites (range 55%-72%). (Table 7.1)

7.3.2 Mediation Analysis Results
Results for total effects (Path C) indicate an inverse association between DI-2 and
breastfeeding duration in unadjusted and adjusted models, such that women living in
neighborhoods with higher deprivation breastfed for a shorter time. In the unadjusted
model, the predicted breastfeeding duration for participants living in the least deprived
neighborhoods (quartile , 13.74 weeks) was 2.7 times the breastfeeding duration for
participants living in the most deprived neighborhoods (quartile 4, 5.02 weeks)
(p<0.0001). In the adjusted model, the predicted breastfeeding duration for participants
living in the least deprived neighborhoods (quartile 1, 10.72 weeks) was 1.5 times the
breastfeeding duration for participants living in the most deprived neighborhoods
(quartile 4, 7.11 weeks) (p<0.0001). On the other hand, no consistent relationship
between DI-1 and breastfeeding duration was identified. Participants living in the most
deprived neighborhood based on DI-1 had similar breastfeeding duration as those living
in the least deprived neighborhood in unadjusted and adjusted models, and there was no
statistically significant difference across all quartiles in adjusted models. (Table 7.2)
Results from structural equation models (Table 7.3) show that higher
neighborhood deprivation was significantly associated with higher likelihood of hospital
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formula use (Path A) in DI-2 models, but not consistently in DI-1 models (Figure 7.3).
The likelihood of hospital formula use for women in the highest deprivation quartile
(quartile 4) based on DI-2 was 1.8 and 1.3 times the likelihood of hospital formula use for
women in the lowest deprivation quartile (quartile 1) in unadjusted and adjusted models,
respectively. In the unadjusted DI-1 model, the probability of hospital formula use was
lowest for the lowest deprivation quartile (54%), and highest for women in quartile 3
(76%). But the adjusted DI-1 model showed that the probability of hospital formula use
was not statistically different across quartiles. (Figure 7.3)
Hospital formula use significantly reduced breastfeeding duration (Path B) in both
DI-1 and DI-2 mediation models (Table 7.3). When modeling DI-1, hospital formula use
reduced breastfeeding duration by 2.3 times in the unadjusted model, and by 1.8 times in
the adjusted model. When modeling DI-2, hospital formula use reduced breastfeeding
duration by 2.1 times in the unadjusted model, and by 1.8 times in the adjusted model.
Adding hospital formula in the models reduced the differences in predicted
breastfeeding duration by neighborhood deprivation quartiles for both index 1 and index
2. When modeling with DI-2 and comparing the highest to lowest deprivation quartile,
adding hospital formula use into the model reduced the coefficient representing the
relationship between neighborhood deprivation and breastfeeding duration by 2.7 in the
unadjusted model and by 1.09 in the adjusted model (total effect-direct effect) (Tables
7.2, 7.3, 7.4). This corresponds to the indirect effect (Table 7.4): the indirect effect of
hospital formula use contributed about 31% of the total effect in the unadjusted model,
and about 30% of the total effect in the adjusted model. Bootstrap results showed that the
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indirect effect was statistically significant for DI-2 models, thus providing evidence of
mediation by hospital formula use.
On the other hand, when modeling with DI-1, the indirect effect was statistically
significant only in the unadjusted model and not in the adjusted model. In the unadjusted
model, the largest indirect effect was found when comparing quartile 3 to quartile 1: the
indirect effect (coefficient: -1.83, bootstrap 95% CI: -2.29, -1.34) contributed 44% of the
total effect of the association between neighborhood deprivation and breastfeeding
duration. Therefore, there was evidence of mediation from the simple mediation analysis
(without adjusting for covariates) modeling DI-1 as the independent variable.

7.4 Discussion
This study demonstrated that a substantial proportion of the association between
neighborhood deprivation and breastfeeding duration can be explained by mediation by
hospital formula use. Evidence of mediation by hospital formula use was strongest when
modeling with DI-2, where the effect of mediation was statistically significant in both
unadjusted and adjusted models. This is the first study testing and verifying the
hypothesis that hospital formula use is on the causal pathway of the relationship between
neighborhood deprivation and breastfeeding duration. Findings from this study highlight
the differential infant feeding practices in hospitals, based on neighborhood contexts, as
an area needing attention to improve breastfeeding duration rates and to reduce maternal
and child health inequities.
Other studies have similarly found that infants who receive formula in hospitals
have shorter breastfeeding duration compared to infants who don’t receive formula.262,272–
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Several mechanisms may explain this association. 262 An infant’s exposure to formula

may reduce suckling from the mother and consequently reduce the mother’s milk supply.
Formula feeding from a bottle could also introduce nipple confusion and cause an infant
to reject the mother’s nipple. The use of formula in hospitals may also reduce the
mother’s confidence to breastfeed and to provide adequate nutrition, instigating more
formula use after discharge which would likely reduce the mother’s milk supply and
confidence to continue to breastfeed for a long term.262
Our study found that when comparing two neighborhood deprivation indices (i.e.,
DI-1 and DI-2), there were differences in the effect size and statistical significance of
components of the mediation pathways (particularly paths A, C, C’, and combined A and
B indirect path). While we found that the likelihood of hospital formula use (path A)
consistently increased with higher neighborhood deprivation based on DI-2, and
breastfeeding duration also consistently decreased with higher neighborhood deprivation
(path C and C’), the same consistency was not seen in these pathways based on DI-1. We
attribute this to the different neighborhood characteristics that are captured in these
indices.
DI-1 captures neighborhood contexts surrounding many Hispanic mothers,
incorporating a mixture of established risk and protective factors in relation to
breastfeeding: low education and poverty are risk factors for breastfeeding when
measured at the individual 34,35 and neighborhood111 levels, while being born outside the
U.S. has been considered a protective factor at the individual level275,276 and may have a
collective effect at the neighborhood level.111 We also found that DI-1 was correlated
with living in Los Angeles, in the state of California where breastfeeding rates tend to be
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higher compared to rates from other states where the study sites were located.31
Therefore, there may be a combination of breastfeeding supportive policies and
normative breastfeeding practices surrounding the neighborhood contexts captured by
DI-1. On the other hand, DI-2 captures neighborhood contexts surrounding many Black
mothers. Unlike DI-1, there were no protective factors in relation to breastfeeding
incorporated in DI-2. Being Black and single motherhood are considered individual-level
risk factors.34,35,40 Emerging research also suggests that living in a neighborhood with a
high proportion of Black residents,104,111 single female headed households,113 and
socioeconomic disadvantage111,115,116 may be associated with lower breastfeeding
initiation and duration rates.
Our study applies two neighborhood deprivation indices that were specifically
developed for this cohort, and which involved a process of soliciting community input for
the selection of variables followed by principal component analysis to statistically
combine variables. The uniqueness of these indices makes it difficult to directly compare
our results with other studies examining associations between neighborhood deprivation
and breastfeeding. A few other studies have similarly explored the relationship using
combined variable indices of socioeconomic disadvantage. Cubbin et al.114 used the
Townsend maternal deprivation index, which captured four neighborhood variables:
crowded occupied housing, unemployment, renter-occupied housing, and lack of motor
vehicle in housing unit. Using this index to examine breastfeeding initiation in Florida
and Washington, they found that higher neighborhood deprivation was associated with
higher odds of non-initiation in unadjusted models but not in adjusted models controlling
for individual-level covariates.114 Burdett111 combined two variables to define
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neighborhood economic deprivation: percentages of households with income below
poverty level, and percentage of households receiving public assistance. Similarly, they
found associations with breastfeeding initiation and 6-month duration in unadjusted but
not fully adjusted models.111 Yourkavitch et al.116 created a neighborhood disadvantage
index by combining variables for proportions of households with low income (<$15,000,
and ≥$50,000 reverse coded), in poverty, and receiving public assistance, as well as total
unemployment rates and proportion of vacant housing units. This study in New Jersey
found that neighborhood disadvantage was associated with lower odds of exclusive
breastfeeding in the 24 hours prior to hospital discharge, but was not associated with any
breastfeeding.116 Riley et al.115 applied a neighborhood index including variables on
household poverty, renter-occupied housing, unemployment, and female-headed
households, to examine a sample of low birthweight infants in Chicago, and found that
neighborhood disadvantage was associated with lower odds of human milk feeding in
unadjusted but not adjusted models. Overall, neighborhood deprivation indices varied
across studies, and associations with breastfeeding appeared consistent in unadjusted but
not adjusted models.
Other studies have taken the approach of examining singular (rather than
combined) neighborhood socioeconomic characteristics with breastfeeding. 103,104,111 Both
approaches have advantages. Examining the influence of one neighborhood characteristic
brings specification to the analysis and interpretation, and may help guide more targeted
policies. However, neighborhoods are rarely defined by one characteristic alone. The use
of neighborhood socioeconomic indices that combine multiple variables allows for
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multiple characteristics to be captured simultaneously to better mimic the reality of
neighborhood contexts.
Our study intentionally included both simple mediation analyses (unadjusted) and
multivariate mediation analyses adjusting for potential confounders because there is no
gold standard for incorporating confounders in mediation analyses and debate about
whether adding confounders reduces or increases bias.268 Our adjusted model using DI-2
showed that the association between neighborhood deprivation and breastfeeding
duration is independent of race/ethnicity, socioeconomic status, and other demographic
and health factors, but the adjusted DI-1 model did not find this statistically significant
independent neighborhood contribution. However, the adjusted models may be
artificially disaggregating co-existing individual and neighborhood variables that are part
of a shared lived experience, and thus the adjusted model may be an over-adjustment of
the lived experience of the relationship between neighborhood deprivation and
breastfeeding duration. Nonetheless, some researchers have highlighted the importance of
adjusting for confounders to understand the isolated effect of neighborhood factors.114
Our study’s inclusion of outcomes for both unadjusted and adjusted mediation analyses
provides room for multiple interpretations.

7.5 Limitations
An important limitation to this study is the large amount of missing data for our
neighborhood deprivation indices. We addressed this limitation by using multiple
imputation, which helps to reduce bias that may be introduced if using only individuals
with complete data.224 While we intended for our mediator variable, hospital formula use,
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to reflect hospital-based feeding practices or preferences for formula, the variable only
captures one aspect of the hospital-based experience. Future research should apply a
more comprehensive variable or additional variables related to hospital practices and
breastfeeding support services, such as hospital mPINC scores, to better capture the
context of the hospital experience in a mediation analysis.

7.6 Conclusions
Our study finding that hospital formula use mediates the pathway between
neighborhood deprivation and breastfeeding duration underscores the importance of
intervening at the level of neighborhoods and hospitals to improve breastfeeding rates
and address racial/ethnic health inequities. Disparate infant feeding practices in hospitals
which are associated with neighborhood contexts are a remanence of the long history of
racism and discrimination in the U.S. It is imperative that we address these etiologies that
are associated with suboptimal breastfeeding practices to make progress on maternal and
child health equity.
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Figure 7.1: Neighborhood Characteristics of Neighborhood Deprivation Index 1 and
Index 2

Figure 7.2: Mediation Model Pathways.
Path C is the total effect of the relationship between neighborhood deprivation and
breastfeeding duration. Path C’ is the direct effect of the relationship after the indirect effect
of the mediator (hospital formula use) is included in the model. The combination of path A
and B is the indirect effect, but A and B cannot be multiplied due to the binary nature of the
mediator. The indirect effect is the total effect – direct effect.
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Predicted Probability of Hospital Formula Use

80%
70%
60%
50%
40%
30%

20%
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0%
Quartile Quartile Quartile Quartile
1
2
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Quartile Quartile Quartile Quartile
1
2
3
4

Neighborhood deprivation index 1(left) and index 2(right)

Figure 7.3: Predicted probabilities of hospital formula use by neighborhood
deprivation index 1 & index 2 quartiles from models adjusting for maternal age,
race/ethnicity, education, poverty status, married status, nativity, smoking, preterm
birth, and study center.
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Table 7.1: Participant Characteristics (n=2109)
Total
sample

Age (years)

Race/ethnicity
White
Black
Hispanic
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Education
< high school
High school
graduate
Some college
but not 4-year
degree
4-year degree
or higher
Federal
Poverty Level
≤ 100%
>100% to
≤200%
>200%
Study Center

Mean
(SD)
25.34
(5.54)
N (%)

Neighborhood
deprivation
index 1
Corr.

P

Neighborhood
deprivation
index 2
Corr.

P

-0.12

0.0009

-0.38

<0.0001

Mean (SD)

Mean (SD)
0.0001

-0.54 (0.51)

-0.70 (0.67)

-0.20 (0.76)

0.62 (1.02)

0.78 (1.13)

-0.26 (0.66)

399
(19.43)
929
(45.23)
468
(22.78)

0.21 (1.05)

0.24 (1.06)

0.0047 (0.96)

0.32 (1.06)

-0.14 (0.87)

0.11 (0.94)

258
(12.56)

-0.48 (0.65)

-0.65 (0.77)

0.0001

P

Breastfeeding
duration
(weeks)
Corr.

P

24.65
(5.18)
N (%)

0.0001

0.3186

<0.0001

0.42 (1.06)

-0.03 (0.88)

0.19 (1.03)

-0.36 (0.78)

-0.40 (0.86)

133
(40.80)
698
(76.20)
259
(63.64)

70
(21.74)
201
(27.24)
132
(39.52)

252
(78.26)
537
(72.76)
202
(60.48)

12.95 (8.95)

6.77 (9.68)

140
(68.63)

64 (31.37)

18.31 (11.71)

6.25 (8.94)
12.76 (10.82)
<0.0001

0.0001

6.96 (9.56)
9.91 (10.19)

<0.0001
165
(23.01)
146
(32.30)
248
(51.67)

0.0001

0.0001

193
(59.20)
218
(23.80)
148
(36.36)

0.0001

0.11 (1.02)

Mean (SD)
<0.0001

0.0001

0.0001

0.0001

Hospital
Formula
Use (Yes)
Mean (SD)

0.0001

452
(21.43)
1197
(56.76)
460
(21.81)

946
(44.86)
586
(27.79)
577
(27.36)

Hospital
Formula
Use (No)
Mean
(SD)
27.13
(6.07)
N (%)

552
(76.99)
306
(67.70)
232
(48.33)

0.0001
6.36 (9.15)
8.81 (10.24)
13.92 (11.79)

<0.0001

0.0001

Baltimore
Chicago
Los Angeles
North Carolina
Washington,
DC
Married
No
Yes
Nativity
Foreign-born
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U.S. born
Preterm birth
No
Yes
Smoking
No
Yes

492
(23.33)
506
(23.99)
265
(12.57)
408
(19.35)
438
(20.77)

-0.46 (0.33)

0.43 (1.16)

-0.32 (0.72)

-0.71 (0.66)

0.98 (1.15)

-0.29 (0.62)

-0.57 (0.31)

0.066 (0.83)

-0.33 (0.58)

0.55 (1.12)

1517
(71.93)
592
(28.07)

-0.0075 (0.94)

0.34 (0.047)

-0.25 (0.86)

-0.44 (0.052)

381
(18.09)
1725
(81.91)

0.39 (1.09)

-0.26 (0.75)

-0.19 (0.85)

0.15 (1.09)

1806
(85.88)
297
(14.12)

-0.11 (0.91)

0.084 (1.06)

0.031 (1.01)

0.066 (1.07)

1709
(81.23)
395
(18.77)

-0.058 (0.95)

0.077 (1.06)

-0.23 (0.80)

0.075 (1.01)

0.0001

106
(23.61)
194
(45.22)
110
(43.14)
29
(30.85)
120
(28.44)

343
(76.39)
235
(54.78)
145
(56.86)
65 (69.15)

6.57 (9.79)

302
(71.56)

9.78 (10.57)

305
(25.80)
254
(54.39)

877
(74.20)
213
(45.61)

134
(39.88)
424
(32.37)

202
(60.12)
886
(67.63)

496
(34.86)
61
(27.60)

927
(65.14)
160
(72.40)

488
(35.83)
69
(24.38)

874
(64.17)
214
(75.62)

0.0001

0.0001

5.97 (8.85)

0.0001
6.76 (9.26)
15.13 (11.72)

0.009

0.9917

0.1186

12.86 (11.06)

<0.0001

0.0005

0.2667

11.57 (11.50)

0.0001
15.21 (11.13)
7.77 (10.12)

0.034

0.9061

0.8643
9.18 (10.76)
8.76 (10.36)

<0.0001

0.0001
10.09 (11.04)
4.86 (7.76)

Table 7.2: Total Effects: Linear Regression Results of Unadjusted and Adjusted Models. The relationship between
neighborhood deprivation (index 1 and index 2) and breastfeeding duration (n=2109)
Neighborhood
deprivation
Index 1
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Unadjusted
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Adjusted*
DI-1
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Age (yrs)
Race/ethnicity
White
Black
Hispanic
Education
< high school
High school
graduate
Some college
but not 4-year
degree
4-year degree or
higher

Coefficie
nt

SE

P

95% CI

Predicted
value for
breastfee
ding
duration
(weeks)

REF
-3.34
-4.15
0.31

REF
0.65
0.65
0.65

REF
<0.0001
<0.0001
0.630

REF
-4.61, -2.07
-5.42, -2.88
-0.96, 1.58

10.90
7.56
6.75
11.22

REF
-0.39
-0.47
0.39
0.21

REF
0.59
0.63
0.82
0.05

REF
0.514
0.458
0.630
<0.0001

REF
-1.55, 0.78
-1.70, 0.77
-1.21, 2.00
0.12, 0.30

9.22
8.84
8.76
9.62
NA

REF
-2.27
-0.83

REF
0.64
0.93

REF
<0.0001
0.375

REF
-3.53, -1.00
-2.66, 1.00

10.58
8.31
9.75

REF
0.62

REF
0.56

REF
0.271

REF
-0.48, 1.72

7.31
7.93

2.97

0.69

<0.0001

1.62, 4.32

10.28

6.62

0.98

<0.0001

4.69, 8.55

13.93

Neighborhood
deprivation
Index 2

Unadjusted
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Adjusted*
DI-2
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Age (yrs)
Race/ethnicity
White
Black
Hispanic
Education
< high school
High school
graduate
Some college
but not 4-year
degree
4-year degree
or higher

Coefficie
nt

SE

P

95% CI

Predicted
value for
breastfee
ding
duration
(weeks)

REF
-3.78
-6.02
-8.72

REF
0.63
0.63
0.44

REF
<0.0001
<0.0001
<0.0001

REF
-5.02, -2.55
-7.25, -4.79
-9.95, -7.48

13.74
9.95
7.72
5.02

REF
-1.20
-1.64
-3.62
0.19

REF
0.63
0.78
0.87
0.05

REF
0.059
0.035
<0.0001
<0.0001

REF
-2.44, 0.045
-3.17, -0.12
-5.32, -1.91
0.098, 8.48

10.72
9.53
9.08
7.11
NA

REF
-0.99
-0.39

REF
0.74
0.89

REF
0.181
0.662

REF
-2.44, 0.46
-2.13, 1.35

9.76
8.77
9.37

REF
0.60

REF
0.56

REF
0.279

REF
-0.49, 1.70

7.33
7.93

2.93

0.68

<0.0001

1.59, 4.27

10.26

6.57

0.97

<0.0001

4.67, 8.48

13.90

Federal
Poverty Level
≤ 100%
>100% to
≤200%
>200%
Study Center
Baltimore
Chicago
Los Angeles
North Carolina
Washington, DC
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REF
0.21

REF
0.50

REF
0.681

REF
-0.77, 1.18

8.76
8.97

1.07

0.64

0.094

-0.18, 2.32

9.83

REF
0.22
2.00
-0.58
2.01

REF
0.69
0.86
0.63
0.62

REF
0.748
0.021
0.358
0.001

REF
-1.12, 1.58
0.31, 3.69
-1.83, 0.66
0.79, 3.24

8.50
8.72
10.50
7.92
10.51

REF
<0.0001

REF
1.39, 3.65

8.40
10.92

REF

REF

13.19

<0.0001

-6.47, -3.49

8.21

REF
0.131

REF
-2.02, 0.26

9.23
8.35

REF
<0.0001

REF
-3.90, -1.77

9.64
6.81

Married
No
REF
REF
Yes
2.52
0.58
Nativity
Born outside
REF
REF
U.S.
U.S. born
-4.98
0.76
Preterm birth
No
REF
REF
Yes
-0.88
0.58
Smoking
No
REF
REF
Yes
-2.83
0.54
*Adjusted for all other variables listed

Federal
Poverty Level
≤ 100%
>100% to
≤200%
>200%
Study Center
Baltimore
Chicago
Los Angeles
North Carolina
Washington,
DC
Married
No
Yes
Nativity
Born outside
U.S.
U.S. born
Preterm birth
No
Yes
Smoking
No
Yes

REF
0.17

REF
0.50

REF
0.738

REF
-0.81, 1.14

8.91
9.08

0.55

0.64

0.391

-0.71, 1.80

9.46

REF
-0.51
1.68
-1.39
2.21

REF
0.71
0.78
0.66
0.62

REF
0.467
0.032
0.036
<0.0001

REF
-1.90, 0.87
0.14, 3.22
-2.69, -0.09
0.99, 3.43

8.83
8.32
10.51
7.44
11.04

REF
2.69

REF
0.57

REF
<0.0001

REF
1.57, 3.81

8.35
11.04

REF

REF

REF

REF

13.13

-4.91

0.76

<0.0001

-6.40, -3.43

8.22

REF
-0.87

REF
0.58

REF
0.133

REF
-2.00, 0.26

9.23
8.36

REF
-2.87

REF
0.54

REF
<0.0001

REF
-3.93, -1.81

9.65
6.78

Table 7.3: Direct Effects for Neighborhood Deprivation Index 1 & Index 2: Structural equation model results of direct
effects for paths A, B, and C’ (n=2109)
DI-1
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Unadjusted
Coefficient

SE

P

95% CI

Predicted
probability/
value

Adjusted*
Coefficient

SE

P

95% CI

Predicted
probability/
value

Path A: DI-1 →
hospital formula
use
Quartile 1
Quartile 2

REF
0.16

REF
0.03

REF
<0.0001

54%
70%

REF
0.028

REF
0.03

REF
0.364

0.22

0.03

<0.0001

76%

0.045

0.03

0.179

REF
-0.033,
0.089
-0.021, 0.11

65%
67%

Quartile 3
Quartile 4

0.092

0.03

0.004

REF
0.096,
0.22
0.15,
0.28
0.030,
0.15

63%

-0.039

0.04

0.352

-0.12, 0.043

61%

REF

REF

REF

REF

14.58

REF

REF

REF

REF

13.00

-8.35

0.57

<0.0001

-9.50, 7.21

6.23

-5.94

0.55

<0.0001

-7.04, -4.84

7.06

REF
-2.02

REF
0.62

REF
0.001

9.92
7.91

REF
-0.22

REF
0.57

REF
0.699

REF
-1.34, 0.90

9.17
8.95

Quartile 3

-2.32

0.63

<0.001

7.60

-0.20

0.61

0.746

-1.39, 1.00

8.98

Quartile 4

1.08

0.61

0.078

REF
-3.22, 0.81
-3.56, 1.08
-0.12,
2.27

11.00

0.16

0.79

0.836

-1.38, 1.70

9.34

Path B: Hospital
formula use →
breastfeeding
duration
Hospital formula
(No)
Hospital formula
(Yes)
Path C’: DI-1 →
breastfeeding
duration
Quartile 1
Quartile 2

69%

DI-2

Unadjusted
Coefficient

SE

P

95% CI

Predicted
probability/
value

Adjusted
Coefficient

SE

P

95% CI

Predicted
probability/
value

Path A: DI-2 →
hospital formula
use
Quartile 1
Quartile 2

REF
0.14

REF
0.03

REF
<0.0001

46%
60%

REF
0.036

REF
0.04

REF
0.340

REF
-0.038, 0.11

57%
60%

Quartile 3

0.27

0.03

<0.0001

73%

0.12

0.04

0.002

0.045, 0.20

69%

Quartile 4

0.36

0.02

<0.0001

REF
0.07,
0.20
0.20,
0.33
0.30,
0.42

83%

0.19

0.05

<0.0001

0.096, 0.28

76%
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Path B: Hospital
formula use →
breastfeeding
duration
Hospital formula
(No)
Hospital formula
(Yes)
Path C’: DI-2 →
breastfeeding
duration
Quartile 1
Quartile 2

Weeks

REF

REF

REF

REF

13.98

REF

REF

REF

REF

12.94

-7.43

0.59

<0.0001

-8.61, 6.24

6.55

-5.84

0.55

<0.0001

-6.93, -4.75

7.10

Weeks

Coeff

SE

P

95% CI

Predicted
value

REF
-2.76

REF
0.62

REF
<0.0001

REF
12.31
REF
REF
REF
REF
10.22
-3.97, 9.55
-0.99
0.62
0.110
-2.19, 0.22
9.23
1.55
Quartile 3
-4.03
0.62
<0.0001 -5.27, 8.28
-0.92
0.75
0.221
-2.39, 0.55
9.30
1.55
Quartile 4
-6.02
0.64
<0.0001 -7.28, 6.29
-2.52
0.84
0.003
-4.18, -0.87 7.69
4.76
*Adjusted models control for maternal race/ethnicity, education, age, poverty status, marital status, nativity, smoking, preterm birth, and study center

Table 7.4: Indirect Effects for Neighborhood Deprivation Index 1 & Index 2: Results from Bootstraps (1000 reps * 10
imputations)
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DI-1
Quartile 1
Quartile 2
Quartile 3
Quartile 4
DI-2
Quartile 1
Quartile 2
Quartile 3
Quartile 4

Unadjusted
Bootstrap
Coefficient

Bootstrap Bootstrap
SE
95% CI

Z

Adjusted
Bootstrap
Coefficient

Bootstrap Bootstrap
SE
95% CI

Z

REF
-1.32
-1.83
-0.77

REF
0.24
0.24
0.24

REF
-1.82, -0.90
-2.29, -1.34
-1.25, -0.31

REF
-5.51
-7.51
-3.17

REF
-0.17
-0.27
0.23

REF
0.16
0.16
0.23

REF
-0.48, 0.12
-0.58, 0.03
-0.23, 0.66

REF
-1.06
-1.68
1.02

REF
-1.02
-1.99
-2.70

REF
0.22
0.22
0.25

REF
-1.45, -0.60
-2.44, -1.55
-3.20, -2.24

REF
-4.73
-8.97
-10.83

REF
-0.21
-0.72
-1.09

REF
0.17
0.21
0.24

REF
-0.56, 0.12
-1.13, -0.31
-1.57, -0.61

REF
-1.21
-3.44
-4.49

CHAPTER 8
SUMMARY AND CONCLUSIONS

The health of mothers sets the stage for the health of our future generations.
Given the many known benefits of breastfeeding for mothers who breastfeed and for
children who are breastfed, it is imperative that we cherish and protect mothers and their
capacity to breastfeed. This dissertation research brings new knowledge on the topic of
breastfeeding that 1) highlights the health-protective qualities of breastfeeding in relation
to the chronic stress pathway, 2) underscores maternal resiliency which enables success
in breastfeeding despite the risks and challenges to their capacity to breastfeed, and 3)
uncovers the barriers to breastfeeding related to the contexts of the neighborhoods where
mothers live, specifically the hurdle of the neighborhood-associated practice of hospital
infant formula feeding. Together, the studies conducted for this dissertation bring new
insight on how breastfeeding intersects with chronic stress pathways, including with
stressors such as discrimination and neighborhood deprivation, to uplift maternal sources
of resiliency in face of the challenges to create greater opportunities of health for mothers
and children.
Our first study examined the potential for breastfeeding to modulate the impact of
chronic stress on maternal health through the influence on postpartum allostatic load.
Building on our published pilot study which demonstrated an inverse association between
breastfeeding and maternal postpartum allostatic load using cross-sectional data,82 the
current study examined breastfeeding duration, and the prospective relationship with
allostatic load at 6 and 12 months postpartum. We found that breastfeeding duration was

180

inversely associated with allostatic load at 6 and 12-months postpartum such that
allostatic load decreased incrementally with increased breastfeeding duration. Compared
to mothers who never breastfed, mothers who breastfed for ≥ 6 months had 0.41 points
lower allostatic load at 6 months (95% CI: -0.71, -0.11) and 0.36 points lower allostatic
load at 12 months postpartum (95% CI: -0.69, -0.036). When comparing the effects by
race/ethnicity, the relationship between breastfeeding duration and allostatic load was
weaker among Black mothers at 6 and 12 months postpartum and among Hispanic
mothers at 12 months postpartum, when compared to White mothers at these time points.
We attribute the differences in associations by race/ethnicity to our inability to adjust for
pre-pregnancy allostatic load and the complexities of improving health in communities
that have heightened exposure to stressors.
Despite differences in effects by race/ethnicity, our first study determined that
extended breastfeeding is a possible modulator of allostatic load. This study is novel
because it is the first study to examine the relationship between breastfeeding duration
and postpartum allostatic load, bringing new insight about breastfeeding’s capacity to
mitigate the chronic stress pathway reflected in allostatic load. There is a need for future
research to recruit women pre-pregnancy and follow them postpartum to better analyze
changes in allostatic load. Future research also needs to incorporate more precise
measures of breastfeeding that captures breastfeeding intensity and exclusivity over time
to better examine the influence of breastfeeding on allostatic load.
Our second study turned our attention to maternal resiliency in face of adversity
and applied a novel methodology, the positive deviance approach, to investigate
characteristics of resiliency that enabled mothers to breastfeed for longer duration despite
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risks. Recognizing the multitude of stressors that mothers experience and risk factors of
breastfeeding, we explored a wide variety of variables that may hinder extended
breastfeeding. Some of these variables included exposure to stressors that have been
rarely explored in relation to breastfeeding, such as experiences of discrimination,
interpersonal violence, and other stressful life events. We found that hospital introduction
of formula was statistically the strongest risk factor preventing mothers from
breastfeeding for at least 3 months, when analyzing the whole study sample as well as
subsamples of Black, Hispanic, and White mothers.
Following the positive deviance approach, we then created an analytical sample
of only women who were exposed to this primary risk factor (i.e., hospital introduction of
formula), and explored characteristics of resiliency that facilitated extended breastfeeding
(i.e., ≥ 3 months) despite exposure to the risk. We found that having a belief that
breastfeeding is the best method of feeding an infant, and receiving positive influence to
breastfeed (from baby’s father, mother’s partner, mother’s mother, father’s mother, other
relative, friends, and/or healthcare provider), provided the strongest influence on
maternal resiliency and capacity to breastfeed ≥ 3 months. Mothers who had the belief
that breastfeeding is the ideal method of feeding an infant were 1.97 times more likely to
breastfeed for ≥ 3 months compared to mothers without this belief (OR 1.97, 95% CI:
1.32, 2.94). In addition, mothers were 1.21 times more likely to breastfeed for ≥ 3 months
with each additional person/group who positively influenced the mother to breastfeed
(OR 1.21, 95% CI:1.09, 1.34).
We also separately examined characteristics of resiliency in subsamples of Black,
Hispanic, and White mothers. There were several differences in the sources of resiliency
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by race/ethnicity groups. For example, having a higher sense of spirituality contributed to
resiliency for Black and Hispanic mothers, but was not statistically significant for White
mothers; experiencing greater collective efficacy, such as having neighbors who got
together to solve problems, was a unique source of resiliency for Hispanic mothers;
White mothers who were able to breastfeed were more likely to have a sense of
optimism. When we applied analytical models that controlled for all the resiliency
variables at the same time, we found that the strongest sources of resiliency were
different across racial/ethnic groups: having the belief that breastfeeding is the best
method of feeding was statistically significant for Black and White mothers, but not
Hispanic mothers; receiving positive breastfeeding influence from others was statistically
significant for Black mothers but not Hispanic or White mothers; having a history of
breastfeeding another child was the most statistically significant contributor to resiliency
for Hispanic mothers.
This study is novel because it is the first study to use the positive deviance
approach to quantitatively explore factors associated with longer breastfeeding duration,
and in a diverse cohort of Black, Hispanic, and White mothers from 5 regions in the U.S.
Applying the positive deviance approach allowed us to acknowledge mothers’ strengths
and assets within communities that supported extended breastfeeding despite exposure to
risks and challenges. Our findings suggest that progress on breastfeeding may be
achieved by 1) bolstering breastfeeding support in hospitals and maternity centers,
thereby reducing risk to early cessation of breastfeeding, 2) providing education about the
benefits and superiority of breastfeeding, and 3) providing better breastfeeding training to
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women’s social and healthcare networks so that they can better support mothers to
breastfeed.
Our third study took a deeper dive into examining the relationship between
neighborhood deprivation and breastfeeding in trying to understand why breastfeeding
rates seem to be lower in neighborhoods with greater deprivation. Using mediation
analyses, we examined whether hospital formula use is a mediator acting on the causal
pathway linking higher neighborhood deprivation with lower breastfeeding duration
rates; in other words, we examined whether higher rates of formula use in hospitals in
neighborhoods with greater deprivation can explain the lower breastfeeding duration
rates. We applied two neighborhood deprivation indices that were previously developed
for the CCHN cohort. The first index (DI-1) characterized neighborhoods with a high
proportion of Hispanic residents, and the second index (DI-2) characterized
neighborhoods with a high proportion of Black residents. Results from mediation
analyses demonstrated hospital formula use as a significant mediator. Evidence of
mediation was strongest when modeling with DI-2, in which the probability of hospital
formula use was 1.8 times higher for women living in neighborhoods with the greatest
deprivation (quartile 4) compared to women living in neighborhoods with lowest
deprivation (quartile 1). This in turn reduced breastfeeding duration, such that predicted
breastfeeding duration for mothers living in neighborhoods with the greatest deprivation
(quartile 4, 5.02 weeks) was 2.7 times lower than for mothers living in neighborhoods
with the lowest deprivation (quartile 1, 13.74 weeks). Furthermore, adjusted models with
DI-2 showed that this neighborhood deprivation-associated effect of hospital formula use
on breastfeeding duration was independent of the influence of maternal race/ethnicity,
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age, socioeconomic status and other demographic and health variables that were
controlled for in the model. This study is novel because it is the first study to put
neighborhood deprivation, hospital formula use, and breastfeeding duration variables
together in a model and to examine hospital formula use as a mediator.
Findings from this third study bring attention to the biases in healthcare practice
creating scenarios of inequitable hospital-based infant feeding practices, which are
related to neighborhood characteristics. Our finding that mothers living in neighborhoods
with a high proportion of Black residents were more likely to be given formula in
hospitals demonstrates how structural racism impacts the health of our mothers and
children: neighborhood segregation and the disproportionate distribution of resources
reduces the quality of maternity care in many Black neighborhoods, which reduces
breastfeeding rates. It is imperative that we recognize and address racism in the
healthcare system in order to make progress on improving breastfeeding rates in the U.S.
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